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EDITOR’S  VIEWPOINT 


Lord  Chesterson  has  been  credited  with 
stating  that  much  research  reminded  him  of 
a  blind  man  looking  in  a  dark  room  for  a 
Idack  hat  that  wasn’t  there.  At  times  we 
have  been  inclined  to  agree  with  this  con¬ 
cept  although  w’e  fully  recognize  the  “use¬ 
fulness  of  useless  knowledge.’’  Everett’s 
(p.  204)  contribution  does  not  fall  in  with 
investigations  of  subjects  which  require  long 
introductions  to  establish  their  value.  He 
has  investigated  a  subject  of  clinical  argu¬ 
ment,  the  relative  depth  of  anesthesia  and 
toxicity  of  two  and  four  per  cent  procaine 
solutions.  He  has  challenged  one  of  our 
accepted  ideas,  i.e.,  that  the  increase  in 
toxicity  of  procaine  is  in  geometric  ratio 
to  its  concentration,  and  he  presents  data 
to  substantiate  his  claim.  This  paper  .should 
be  of  especial  interest  to  the  drug-approv¬ 
ing  agencies  of  the  professions  and  to  all 
using  local  anesthetics. 

Taylor  and  Teamer  (p.  219)  discuss  the 
properties  of  gold  solders  and  suggest  test 
requirements  for  such  solders.  This  work 
was  originally  pre.sented  to  the  Materials 
Group  of  the  I.A.D.R.  and  represents  a  field 
of  dental  research  that  has  seldom  been 
represented  in  the  pages  of  this  journal. 
The  workers  in  the  physical  science  phases 
of  dental  research  desire  and  should  have 
an  outlet  for  their  publications.  Publica¬ 
tion  of  such  material  is  within  the  broad 
policy  of  the  Journal  of  Dental  Rexearch. 

A  study  of  amalgams  by  Taylor,  Hweeney, 
Mahler,  and  Dinger  (p.  228)  indicates  that 
application  of  masticatory  stress  of  ordinary 
degree  within  less  than  one  hour  after  place¬ 
ment  is  hazardous  and  that  an  elapse  of  six 
or  more  hours  lietween  packing  and  applica¬ 
tion  of  stress  is  necessary  to  provide  at  least 
50  |>er  cent  of  the  maximum  strength.  The 
authors  used  smaller  specimens,  more  compar¬ 
able  in  size  to  amalgam  restorations,  than 
most  previous  investigators.  Mechanical  tri- 
turators  gave  wide  variation  in  rates  of  amal¬ 
gamation  and  the  investigators  point  out  the 
need  for  more  exact  directions  for  specific 
alloys  if  consistent,  gootl  results  are  to  be 
obtained  with  these  amalgamators. 


Artagaveytia-Allende  (p.  242)  differenti¬ 
ates  Paracoccidioides  hrasiliensis  from  Para¬ 
coccidioides  cerebri  for  mis  and  points  out  that 
these  bla.stomycosis-producing  organisms  may 
enter  through  an  exposed  pulp.  While  blasto¬ 
mycosis  may  appear  as  a  remote  disease  to 
most  dentists,  the  possibility  of  the  causative 
organisms  entering  through  oral  lesions  and 
the  fact  that  they  have  l)een  descril)ed  in  a 
I>eriapical  lesion  cannot  l)e  dismissed. 

Henschel  and  Lieber  (p.  248)  give  their 
first  comprehensive  report  on  the  results  with 
ammonia-urea  dentifrice  (22.5  per  cent  car¬ 
bamide;  5  per  cent  dibasic,  ammonium  phos¬ 
phate).  For  100  individuals  used,  as  a  test 
group,  they  estimate  the  D.M.F./year  at  2.39 
on  the  basis  of  previous  caries  (7.8  years), 
and  then  found  a  D.M.F.  of  1.55/year  during 
an  average  34.3  months  on  ammonium  denti¬ 
frice.  The  estimate  rate  of  2.39  is  of  course 
extremely  questionable  as  a  rate  for  compari¬ 
son  during  the  future  test  periotl.  The  aver¬ 
age  difference  of  .84  cavities  per  year  is 
therefore  not  too  well  established.  As  a 
“control”  50  patients  with  a  prior  D.M.F. 
of  2.31/year  were  placed  on  a  cosmetic” 
dentifrice  with  2.48/year,  an  increase  of  .17 
D.M.F.  per  year.  The  authors,  themselves, 
point  out  that  the  average  caries  reduction 
of  37.5  per  cent  may  be  attributed  in  part 
“to  enthusiastic  oral  hygiene  heightened 
by  the  knowledge  of  possible  therapeutic 
benefit  of  the  dentifrice.”  We  might  add 
that  the  reduction  may  be  attributed  in  part 
to  possible  additional  knowletlge  of  the 
effects  of  refined  carbohydrates  on  dental 
caries  rates. 

W’^ebman,  Hill,  and  Kniesner  (p.  258) 
found  that  while  70  per  cent  of  a  group 
of  rats  fed  a  cariogenic  diet  developed  rat 
caries,  only  .50  per  cent  of  a  similar  group 
with  small  amounts  of  penicillin  added  to 
their  water  supplies  showed  carious  lesions. 
Further,  when  sucrose  was  added  to  the 
water  of  rats,  100  per  cent  developed  caries 
but  when  5  units  of  penicillin  was  also 
placed  in  each  c.c.  of  their  water,  only  68 
per  cent  had  carious  teeth.  In  the  animals 
with  penicillin  and  sucrose  in  the  water  B. 
lactis  aerofienes,  an  ammonia  nitrogen  pro¬ 
ducer,  replaced  L.  acidophilus,  an  acid  pro¬ 
ducer,  on  the  oral  flora. 
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Hill  iiiul  Kniosner  (p.  2G.‘!)  used  l(i:5  insti¬ 
tutionalized  boys  for  a  study  of  the  effects 
of  penicillin-containin}'  dentifrice  on  oral 
lactobacillus  counts  and  on  the  activity  of 
dental  caries.  The  boys  were  not  super¬ 
vised  in  their  use  of  the  control  dentifrice 
(63  boys)  or  the  therapeutic  dentifrice  (80 
boys).  Eighteen  per  cent  of  the  oral  lacto- 
bacillus  counts  continued  negative.  While 
the  lactobacillus  counts  showed  some  re¬ 
duction  there  was  not  significant  reduction 
in  the  number  of  new  carious  lesions  among 
those  using  the  dentifrice  containing  small 
amounts  of  penicillin.  The  results  suggest 
that,  although  penicillin  appears  to  reduce 
the  oral  flora  and  in  rats  is  an  aid  in  caries 
control,  under  ordinary  conditions  of  use  in 
a  dentifrice  containing  small  amounts  it  is 
of  negligible  value. 

Continuing  the  work  on  penicillin.  White, 
Kniesner,  and  Hill  (p.  2(5”)  found  that  the 
number  of  lactobacilli  in  the  mouth  can  be 
reduced  by  conscientious  use  of  a  dentifrice 
containing  penicillin.  The  small  amounts 
of  penicillin  had  little  effect  on  the  balance 
of  the  oral  flora  but  reduced  the  numbers 
of  bacteria.  With  larger  doses  of  penicillin 
the  Aerobacter  and  Escherichia  groups  were 
increased  but  did  not  persist  in  the  flora. 

White  and  Hill  (p.  272)  by  an  in  vitro 
study  msing  a  modification  of  the  agar  cup 
method  found  that  viable  A.  aerogenes  will 
not  inhibit  L.  acidophilus  but  that  L.  acido¬ 
philus  will  inhibit  A.  aerogenes.  They  con¬ 
firmed  the  findings  of  Kesel,  O’Donnell, 
Kirch,  and  Wach  that  filtrates  of  some 
strains  of  A.  aerogenes  will  inhibit  L.  acido¬ 
philus’  growth.  The  pH  of  the  media  greatly 
influenced  the  antagonistic  reactions.  The 
antagonistic  relationships  of  oral  bacteria  is 
highly  important  in  the  oral  cavity  and  may 
influence  caries  activity.  The  pH  varies 
greatly  in  the  saliva  and  within  plaques  and 
may  change  rapidly  with  introduction  of  a 
carbohydrate  substrate.  The  interbacterial 
warfare  in  the  plaque  may  determine  whether 
caries  is  initiated,  calculus  is  formed,  or  the 
tooth  surface  remains  normal. 

Pearlman,  Sprague,  and  Best  (p.  276) 
have  observed  the  salivary  lactobacillus 
counts  and  caries  activity  of  mental  patients 
before  and  after  hypoglycemia  therapy. 
They  received  the  equivalent  of  3  to  6.5 
pounds  of  sugar  per  week  in  addition  to  their 
dietary  carbohydrate.  Those  patients  with 


low  initial  counts  showed  no  significant  rist* 
in  salivary  lactobacilli  during  treatment 
while  those  with  high  initial  counts  rose  pro¬ 
gressively  for  five  weeks,  although  this  was 
not  stati.stically  significant.  The  authors  be¬ 
lieved  the  D.M.F.  increase  was  higher  than  in 
normals  although  the  data  were  not  analyzeil 
statistically.  The  authors  suggest  that  in¬ 
trinsic  resistance  was  an  important  controll¬ 
ing  factor,  especially  in  those  with  initial  low 
counts.  A  definite  correlation  was  found 
Ijetween  initial  lactobacillus  counts  and  .sensi¬ 
tivity  to  induced  insulin  coma.  The  possi¬ 
bility  of  using  the  salivary  lactobacillus 
count  to  predict  necessary  insulin  dosage  is 
discussed. 

Granados,  Glavind,  and  Dam  (p.  282)  fed 
lactic  acid  in  food  and  in  water  to  groups 
of  hamsters  on  cariogenic  diets  and  found 
no  significant  increase  in  carious  lesions 
over  animals  fed  cariogenic  diets  alone. 
Some  acid  decalcification  of  the  surfaces 
and  occlusal  fossae  was  observed.  The  ex¬ 
perimental  result  compares  favorably  with 
the  clinical  observation  of  decalcifications 
of  surfaces  in  patients  with  recurring  re¬ 
gurgitation  of  acid  contents  of  the  stomach 
or  in  individuals  using  much  acid  in  food 
or  drug  form,  but  showing  little  or  no  true 
caries.  The  initial  lesion  of  caries  appears 
to  occur  in  a  protected  area  beneath  a 
plaque  as  opposed  to  the  ordinary  acid 
decalcification  on  unprotected  surfaces. 

Dreizen,  Greene,  and  Spies  (p.  288) 
studied  the  action  of  a  group  of  nitrofuran 
compounds  which  had  lieen  previously  dem 
onstrated  to  be  bactericidal  and  bacterio¬ 
static  against  a  number  of  pathogens,  in¬ 
cluding  L.  acidophilus,  in  vitro.  Five  of 
these  compounds  were  quite  effective  over  a 
fairly  extended  period  of  time.  As  new  anti¬ 
bacterial  drugs  are  developed,  laboratory  and 
clinical  studies  should  be  made  to  determine 
their  effects  against  dental  disease.  Cer 
tainly,  this  type  of  study  will  lead  to  re¬ 
placement  of  the  empiricism  which  is  still  in 
effect  in  many  instances. 

Russell  (p.  298)  has  compiled  data  from 
Mitchell,  South  Dakota,  a  community  in 
which  the  water  supply  was  “accidentally” 
fluorinated  for  a  period  of  18  months.  An 
examination  of  the  teeth  of  children  now  11 
to  15  years  of  age  who  had  been  exposed  to 
this  fluoride  water  Ijefore  eruption  of  their 
first  permanent  molars  showed  no  protection 
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apiinst  caries,  although  the  fluorinization 
was  severe  enough  to  produce  mottled 
enamel  in  26  of  the  .‘IIIQ  children.  Russell 
believes  that  his  data  tend  to  weaken  the 
theory  that  fluorine  deposited  in  enamel 
during  calcification  provides  the  mechanism 
for  caries  inhibition.  The  data  are  well 
presented  and  provide  much  food  for 
thought. 

Straub  and  Adler  (p.  310)  have  investi¬ 
gated  the  saturation  of  coarsely  powdered 
enamel  with  sodium  fluoride  solutions.  Un¬ 
der  conditions  of  their  experiment  they 
found  that  maximum  saturation  was  at¬ 
tained  in  60  minutes  and  that  40  per  cent 
saturation  was  attained  in  20  minutes. 
Since  clinical  studies  have  indicated  that 
four  topical  applications  of  4  to  5  minutes 
each  (16  to  20  minutes,  total)  result  in 
optimal  reduction  in  caries  activity  it  may 
be  that  saturation  is  not  necessary.  The 
important  reaction  between  sodium  fluoride 
solution  and  enamel,  in  vitro,  may  take 
place  within  an  extremely  short  time,  or  a 
greater  degree  of  saturation  attained  in  16 
to  20  minutes  may  be  of  value.  All  in¬ 
vestigators  and  clinicians  studying  and 
using  sodium  fluoride  as  an  anticaries  agent 
should  realize  that  the  modus  operand!  is 
still  conjectural. 

Slanetz  and  Drown  (p.  313)  evaluated 
methods  for  estimating  the  numbers  of  bac¬ 
teria  in  the  mouth.  They  found  tryptose 
glucose  blood  agar  useful  for  quantitative 
e.stiniations  of  mouth  bacteria  and  used  to¬ 
mato  juice  agar  (pH  ,'5)  for  lactobacilli. 


The  widely  used  paraffin  chewing  method 
for  collection  of  salivary  samples  was  found 
advisable.  Three  substances  (glycerite  of 
hydrogen  peroxide,  Cepacol,  and  penicillin) 
were  found  useful  in  temporarily  reducing 
the  oral  bacterial  count,  although  some  re¬ 
duction  also  was  noted  after  meals.  While 
three  5000-unit  penicillin  lozenges  per  day 
were  effective  in  reducing  the  bacterial 
count,  two  lozenges  were  not  as  effective, 
and  in  the  one  subject  te.sted,  a  single  daily 
lozenge  was  ineffective.  This  dosage  factor 
may  be  an  important  clue  in  the  results  of 
Hill  and  Kniesner  (p.  263)  who  had  showed 
beneficial  results  in  a  small  group  under 
controlled  use  of  penicillin  containing  den¬ 
tifrice  and  little  or  no  benefit  in  a  group 
using  penicillin  presumably  sporatically. 

Morris  and  Read  (p.  324)  have  experi¬ 
mented  on  reduction  of  mouth  odors.  They 
l>elieve  objectionable  mouth  odors  to  be  the 
result  of  putrefaction  of  saliva,  or  in  some 
instances,  from  odors  of  sy.stemic  origin. 
The  use  of  water  as  a  mouth  rinse  does  not 
affect  the  putrefaction  of  saliva,  although 
an  antiseptic  mouth  w'ash  did.  Dental  pro¬ 
phylaxis,  tongue  prophylaxis,  use  of  denti¬ 
frices,  and  antiseptic  mouth  wash  reduced 
odors  of  local  origin  while  month  rinsing 
with  water  did  not.  Tobacco  smokers  ap- 
j)eared  to  have  low  mouth  odors  other  than 
the  tobacco  odor.  The  problem  of  mouth 
and  breath  odor  is  often  given  little  con¬ 
sideration.  The  efficacy  of  different  types 
of  antiseptic  mouth  washes  may  be  w'orthy 
of  further  study. 

H.  B.  G.  R. 


A  COMPAKISON  OF  DEPTH  OF  ANESTHESIA  AND  TOXICITY 
OF  TWO  AND  FOUR  PER  CENT  PROCAINE 
HYDROCHLORIDE  SOLUTION 

FRANK  G.  EVERETT,  M.l).,  D.M.I).,  M.H. 

From  the  I)( partmt  n  t  of  Pharmacolony,  IJnivernity  of  Oreyon  Medical  School  and  the 
Division  of  Oral  Pathology,  University  of  Oregon  Dental  School,  Portland,  Ore. 

INTRODUCTION 

PROCAINE  with  added  vasoconstrietor  aprent  is  capable  of  providing  satis¬ 
factory  anesthesia  for  operative  and  surgical  procedures  in  dentistry  and 
possesses  less  toxicity  than  nnxst  other  eoinpounds.  The  (piestion  of  the  optimal 
concentration  of  the  drug  to  be  used  in  dentistry  is  still  being  argued.  Follow¬ 
ing  Mayer’s*  recommendation  of  1924  that  1  per  cent  procaine  was  the  highest 
feasible  concentration,  the  Council  on  Pharmacy  and  Chemistry  of  the  American 
Medical  Association  has  recommended  in  its  New  and  Nonofficial  Remedies  the 
use  of  procaine  solutions  not  stronger  than  VL»  per  cent  for  infiltration  anesthesia. 
The  Council  on  Dental  Therapeutics®’  ®  has  held  for  many  years  that  no  solu¬ 
tions  of  procaine  stronger  than  2  per  cent  ought  to  be  used  in  dentistry  routinely; 
this  stand  somewhat  contradicts  the  recommendation  of  the  N.N.R. 

There  are  many  occasions  where  the  2  per  cent  solution  proves  ineffective 
in  dentistry^’  “  and  it  would  seem  logical  to  obtain  better  anesthesia  by  increasing 
the  concentration.  However  fears  are  expressed  that  the  use  of  a  stronger 
solution,  for  instance  of  4  per  cent,  would  be  more  likely  to  jirovoke  reactions  or 
cause  irritation  or  damage  to  the  tis.sues.  On  the  other  hand,  evidence  has  ac¬ 
cumulated  in  the  past  tending  to  show  that  4  per  cent  .solutions  may  be  used 
safely  and  with  distinct  advantages  in  certain  instances.*’  *’  *’  '•*  The  author 
believes,  on  the  basis  of  clinical  experience,  that  there  are  definite  indications 
for  the  use  of  the  stronger  procaine  concentration.  It  would  appear  desirable 
to  use  procaine  solutions  of  two  different  strengths  in  routine  dental  practice, 
probably  2  per  cent  and  4  per  cent.  The  4  per  cent  solution  of  procaine  has 
been  .selected  as  the  strongest  suitable  for  dental  anesthesia  since  it  is  the  high¬ 
est  concentration  which,  allowing  for  added  vasoconstrictor,  does  not  liecome 
hypertonic. 

Review  of  the  recent  literature  on  procaine  suggests  the  need  for  a  careful 
and  objective  reappraisal  of  this  problem,  particularly  in  view  of  newer  know¬ 
ledge  of  the  intravenous  administration  and  toxicity  of  procaine.*®*  **•  *®  The 
necessary  steps  in  such  an  evaluation  would  be:  (a)  an  objective  estimation  of 
the  completeness  or  depth  of  pulpal  anesthesia  following  the  administration  of 
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Rochester,  N.  Y.,  June  18-20,  1948.  (J.  D.  Res.  27:  749,  1948.) 
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the  2  and  4  per  cent  solutions  in  search  of  measurable  advantages  of  the  higher 
concentration,  and  (b)  an  investigation  of  the  influence  of  varying  concentra¬ 
tions  of  procaine  on  its  toxicity. 

EFFECTIVENESS  OR  DEPTH  OF  ANESTHESIA  OF  2  AND  4  PER  CENT  PROCAINE 
HYDROCHLORIDE  SOLUTIONS  AS  USED  FOR  PULPAL  ANESTHESIA  BY 
SUBMUCOUS  MAXILLARY  INFILTRATION 

The  experimental  approach  in  such  an  evaluation  would  involve  the  meas¬ 
urement  of  two  elements.  The  first  is  the  alteration  in  the  rapidity  of  onset 
and  the  duration  of  anesthesia  produced  by  varying  strengths  of  procaine. 
This  has  been  rather  thoroughly  studied,'®**®  as  has  been  the  influence  of  added 
vasoconstrictors  on  these  factors.***®®  The  other  element  is  depth  or  complete¬ 
ness  of  anesthesia.  Since  neither  time  of  onset  nor  duration  of  action  necessarily 
])arallel  the  depth  of  local  anesthesia,  it  was  decided  to  attempt  to  measure  this 
latter  variable. 


Experimental 

Several  new  experimental  procedures  for  comparing  the  effectiveness  of 
analgesic  agents  have  lieen  introduced  recently.  One  of  these  is  the  determina¬ 
tion  of  the  changes  in  the  strength  of  electric  shocks  required  to  elicit  a  response 
when  applied  to  an  amalgam-filled  tooth  of  a  dog.®®  Since  it  was  desired  to 
compare  the  effectiveness  of  various  concentrations  of  local  anesthetic  agents 
given  by  submucous  infiltration  to  produce  dental  pulp  anesthesia,  the  following 
procedure  for  testing  the  depth  of  anesthesia  w'as  devised. 

Healthy  adult  dogs  of  either  sex  were  used.  The  animal  was  lightly  anes¬ 
thetized  with  an  intravenous  injection  of  20.6  mg.  per  kilogram  bodyweight  of 
sodium  pentobarbital,  a  dose  fortified  by  small  repeated  injections  as  necessarj*. 
The  dog  was  then  strapjied  on  its  back  on  a  board  and  its  mouth  kept  open  by  a 
prop.  Shallow  occlusal  cavities  were  then  drilled  in  two  homologous  teeth  of 
the  upper  arch,  using  either  canines  or  molars.  The  cavities  were  filled  with  a 
conductive  pa.ste  and  then  tested  using  a  weak  tetanizing  current.  The  circuit 
was  arranged  with  a  large  indiftei'ent  electrode  applied  to  the  shaved  chest  and 
the  .stimulating  electrode  to  the  cavity.  The  strength  of  the  stimulus  was  varied 
so  as  to  elicit  a  minimal  objective  re.sponse  (thi-eshold)  by  changing  the  distance 
of  the  sliding  secondary  coil  from  the  fixed  primary  coil  of  the  Harvard  In- 
ductorium.  This  distance  is  mea.sured  by  a  scale  graduated  from  0  to  11  cm. 
provided  on  one  of  the  sliding  bars  of  the  inductorium,  where  the  greater  the 
distance  the  secondary  coil  is  .si‘t  from  the  primary,  the  less  the  intensity  of  the 
stimulus. 

The  response  observed  w’ith  the  threshold  stimulus  was  a  slight  twitching 
of  the  skin  of  the  lower  jaw^  as  far  down  as  the  clavicle.  With  increase  in 
current,  this  response  became  more  marked,  with  more  mu.seles  contracting. 
The  depth  of  the  two  cavities  was  varied  until  similar  minimal  responses  were 
elicited  on  stimulation  of  either  side.  The  strength  of  current  reijuired,  read 
from  the  inductorium,  was  recoi*ded  as  the  control  threshold  value. 


206 


EVERETT 


J.  D.  Res. 
June.  1949 


Submucous  infiltration  was  next  performed  on  each  side,  using  2  per  cent 
procaine  with  neosyneplirine  1 :2,500  on  one  side,  and  4  per  cent  procaine  with 
the  same  concentration  of  vasoconstrictor  on  the  opposite  side.  Two  c.c.  of  each 
strength  solution  per  100  pounds  bod\"vveight  were  used,  an  amount  comparable 
with  that  used  clinically.  Each  cavity  was  then  retested,  and  the  strength  of 
stimulus  increased,  if  neces.sary,  until  a  response  was  noted  on  one  or  both  sides. 
Tests  were  made  at  intervals  of  five  minutes  following  injection  and  continued 
for  one  hour.  The  minimal  strength  of  current  required  to  elicit  a  threshold 
response  in  one  or  the  other  tooth  was  recorded  according  to  the  reading  on  the 
induetorium  and,  further,  the  intensity  of  the  response  noted  on  stimulating 
either  tooth  was  arbitrarily  graded  as  1,  2,  or  3  plus.  Eight  such  experiments 
were  performed. 

He  stilts 

Table  I  records  the  rasults  of  a  typical  experiment.  In  this  dog  the  cavities 
in  both  teeth  were  prepared  to  such  a  depth  as  to  give  an  equal  minimal  (1  plus) 
re.sponse  when  a  very  weak  tetanizing  current  was  used,  found  by  setting  the 
induetorium  coil  at  8.5  centimeters.  Following  sulimucous  periapical  injection 
of  both  procaine  solutions,  a  1  plus  response  was  obtained  for  both  teeth  at  6.5 
cms.  for  the  first  five-minute  period.  At  10  minutes  after  injection,  a  minimal 
1  plus  response  was  noted  for  the  4  per  cent  solution  and  a  2  plus  response  for 
the  2  per  cent  strength  with  a  further  increase  in  current  intensity  to  a  reading 
of  4.5  centimeters.  The  results  obtained  for  each  five-minute  test  period  show 
that  in  every  trial,  except  the  first  after  injection,  significantly  less  response 
was  noted  from  the  tooth  blocked  with  4  per  cent  procaine. 

Table  II  summarizes  the  eight  experiments.  The  amounts  listed  in  the 
column  under  each  concentration  of  procaine  represent  the  total  sum  of  the 
arbitrarily  graded  responses  for  all  of  the  dog  experiments  for  each  five-minute 
IJeriod.  For  example,  when  each  of  the  eight  dogs  were  tested  on  the  side  re¬ 
ceiving  4  per  cent  procaine  at  10  minutes  after  injection,  5  dogs  showed  a 
response  of  1  plus,  another  2  plus,  and  two  dogs  showed  no  response,  thus 
making  an  aggregate  of  plus  7.  This  sum  was  compared  wdth  the  sum  of  plus 
marks  for  the  other  solutions  at  the  identical  time  after  injection. 

An  attempt  has  been  made  in  the  la.st  column  of  Table  II  to  present  quan¬ 
titatively  a  one-figure  ratio  of  the  depth  of  anesthesia  produced  by  the  two 

g 

procaine  solutions.  This  ratio  has  been  obtained  by  using  the  formula  D  =  -r" 

.i\. 

where  B  =  sum  of  graded  response  for  8  dogs  with  4  per  cent  procaine  and  A  = 
sum  of  graded  response  of  8  dogs  with  2  per  cent  procaine  and  D  =  the  relative 
superiority  of  depth  of  anesthesia  obtained  with  the  stronger  solution.  Judged 
by  this  evaluation,  the  ratio  was  always  higher  than  1.33  in  favor  of  the  4  per 
cent  solution,  and  at  20  and  25  minutes  after  injection  it  was  greater  than  three. 

While  we  do  not  have  positive  knowledge  that  the  dogs  actually  suffered 
pain  through  stimulation  from  the  active  electrode,  their  responses,  when  posi¬ 
tive,  permitted  the  conclusion  that  conduction  through  the  “blocked”  nerve 
was  occurring,  and  would  have  produced  pain  in  a  conscious  animal.  We  were 
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Table  I 

Comparison  op  Effectiveness  of  2  and  4  Per  Cent  Procaine  Solvtions  When  Injected 

SUBMUCOUSLY  FOR  PULPAL  ANESTHESIA  OP  CONTRALATERAL  MAXILLAFY  MOIJVR  TEETH 

op  the  Dog 


Dog  Experiment  No.  6,  Female  Black  Mongrel. 
3%  c.c.  of  Sodium  Pentobarbital  at  1:42  p.m. 

Wt,  23  pounds.  Date:  8/28/47.  Given 

ESTIMATED 

RESPONSE 

FOLLOWING 

PERIAPICAL  1 

INJECTION 

OF  PROCAINE 

PERIOD  AFTER 

HCL 

INDUCTORIUM 

INJECTION 

U.R.* 

TOOTH  #6 

U.L.t 

READING 

time  p.m. 

(MINS.) 

2% 

PROCAINE 

4% 

(CMS.) 

1:54 

_ 

Control 

Control 

8.5 

1:59 

(Injection) 

- 

- 

- 

2:04 

5 

1+ 

1+ 

6.5 

2:09 

10 

2+ 

1+ 

4.5 

2:14 

15 

3+ 

1+ 

4. 

2:19 

20 

3+ 

1+ 

4. 

2:24 

25 

3+ 

1+ 

4. 

2:29 

30 

2+ 

1+ 

5.5 

2:34 

35 

2+ 

.  1+ 

6.5 

2:39 

40 

2+ 

1+ 

7. 

2:44 

45 

2+ 

1+ 

7.5 

2:49 

50 

2+ 

1+ 

7.5 

2:54 

55 

2+ 

1+ 

8. 

2:59 

60 

2+ 

1+ 

8. 

Identical  volumes  of  the  two  procaine  solutions,  0.46  c.c.  each,  were  injected.  Both 

solutions  contained  neosynephrine  1 : 

2,500.  For  explanation 

of  testing  procedure  see  text. 

•Upper  right  molar  #6. 
tUpper  left  molar  #6. 


Table  II 

Summary  op  Results  Comparing  Depth  op  Pulpal  Anesthesia  Obtained  with  2  and  4 
Per  Cent  Procaine  Hydrochloride*  in  Eight  Dogs 


PERIOD  TESTED 

AFTER  INJECTION 
(MINS.) 

SUM  OF  ARBITRARY 

RESPONSE  UNITS 

AFTER  INJECTION 

OF  4%  PROCAINE  HCL 

SUM  OF  ARBITRARY 
RESPONSE  UNITS 

AFTER  INJECTION 

OF  2%  PROCAINE  HCL 

RATIO  OP  DEPTH 

OF  ANESTHESIA 

5 

6 

8 

1.33 

10 

7 

14 

2.00 

15 

7 

13 

1.85 

20 

5 

16 

3.20 

25 

5 

16 

3.20 

30 

7 

19 

2.71 

35 

6 

16 

2.66 

40 

6 

18 

3.00 

45 

6 

15 

2.50 

50 

6 

17 

2.83 

55 

8 

16 

2.00 

60 

8 

17 

2.12 

•Both  solutions  contained  Neo-synephrine  1  ;2,500. 


aware  also  that  there  exists  a  question  as  to  whether  conclusions  based  solely 
upon  the  reactions  of  animals  to  a  particular  stimulus  constitute  a  sufficient 
index  for  the  degree  of  anesthesia.*^  To  determine  whether  our  findings  could 
be  corroborated  in  human  patients,  the  following  clinical  tests  were  performed. 

Clinical  Tests  in  Human  Patients 

Volunteers  were  selected  who  had  in  their  upper  arch  homologous  vital 
teeth  that  were  to  be  extracted  in  the  course  of  prosthetic  restoration.  Canines 
or  teeth  posterior  to  canines  were  used  to  avoid  overlap  of  the  field  of  anesthesia. 
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The  teeth  were  radiographed  and  then  prepared  for  a  test  in  a  manner  similar 
to  that  described  in  the  animal  experiments  with  some  minor  points  of  difference 
in  the  arrangement: 

1.  No  barbiturates  were  used  preliminarily. 

2.  The  indifferent  electrode  was  connected  with  the  palm  of  the  patient’s 
hand. 

3.  Volume  of  solution  used  w’as  1  e.c.  for  each  100  pounds  of  patient’s 
bodyweight. 

4.  We  tested  preliminarily  and  after  injection  every  5  minutes  for  bare  per¬ 
ception  of  stimulation  and  then,  immediately  afterwards,  for  slight  but  definite 
pain. 

Nine  such  experiments  have  been  run.  Solutions  used  were  the  same  as  in 
the  animal  experiments,  that  is,  procaine  hydrochloride  2  per  cent  and  4  per 
cent,  both  with  neosynephrine  1 :2,500.  The  solutions  for  these  tests  as  well  as 
for  the  animal  experiments  were  freshly  prepared ;  their  pH  was  approximately 
4.8.  The  higher  and  the  lower  concentration  have  been  used  on  either  side  in 
these  cases.  When  in  these  tests  we  rai.sed  the  intensity  of  the  stimulus  above 
that  required  for  eliciting  a  slight  but  definite  pain,  progressively  more  marked 
flinching  and  twitching  of  the  muscles  of  the  face  could  be  observed. 

The  results  show  significantly  deeper  anesthesia  on  the  side  anesthetized 
with  the  stronger  solution.  It  is  interesting  that  in  these  tests  the  period  of 
most  profound  pulpal  anesthesia  seems  to  have  passed  about  30  minutes  after 
injection,  as  signified  in  Table  III  by  the  decrease  in  current  intensity  from  0 
to  4  necessary  to  elicit  pain  even  in  the  side  anesthetized  with  the  stronger  solu¬ 
tion.  Slight  pulpal  anesthesia  was  present  on  this  side  for  the  balance  of  the 
testing  period.  On  the  side  anesthetized  with  the  weaker  solution  pulpal  anes¬ 
thesia  had  disappeared  about  40  minutes  after  injection. 

These  clinical  tests  have  also  shown  the  correctness  of  our  interpretation 
of  the  animal  experiments,  namely,  that  the  flinching  and  twitching  seen  were 
responses  to  stimulation  of  an  intensity  experienced  as  pain.  Table  III  records 
the  results  of  a  typical  test. 

Discussion 

Previously,  experimental  data  comparing  the  potency  of  anesthetic  agents 
have  been  derived  from  the  routine  testing  of  the  rabbit  cornea,  the  frog  or 
guinea  pig  sciatic  nerve,  the  human  dennal  wheal,  and  by  other  pro¬ 
cedures.’®’  Transfer  of  data  obtained  from  these  experiments  directly 

to  clinical  dentistry  or  medicine  involves  two  assumptions:  (a)  that  onset  and 
duration  of  anesthesia  indicate  depth,  and  (b)  that  different  tissues  respond 
similarly  to  subcutaneous  or  submucous  injection  with  procaine  solutions  of 
identical  concentrations.  The  first  of  these  assumptions  arose  because  of  the 
obvious  difficulty  of  quantitatively  mea.suring  pain.  Recently,  however,  Wolff, 
Hardy,  and  Goodell,®°  and  others  have  devised  methods  of  comparing  analgesics 
without  making  this  assumption,  and  the  need  for  similar  comj)arisons  in  the 
field  of  local  anesthesia  is  api)arent.  It  is  a  common  clinical  observation  that 
local  anesthesia  may  be  inadequate  for  the  contemplated  proeedure,  yet  last  for 
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Table  III 


Comparison  op  Clinical  Ekfectivexess  of  2  and  4  Per  Cent  Procaine  SolctionsI  in 
Submucous  Infiltration  for  Pulpal  Anesthesia  op  Contrai^ateral  Human 
Maxillary  First  Bicuspids 


3/13/48 

EXP.  NO.  3 

RIGHT  SIDE 

2% 

patient’s  SENSATION 

OF  .STIMULUS 

LEFT  SIDE 

4% 

TIME 

INDUCTORIUM 

READING 

(CMS.) 

INDUCTORIUM 

READING 

(CMS.) 

8:40 

10.5 

perceptible 

10.5  control 

10.0 

painful 

10.0  control 

8:43 

injections 

8:48 

6.5 

perceptible 

2.0 

5.0 

painful 

^  * 

8:53  • 

6.0 

perceptible 

1.0 

5.0 

painful 

_  •» 

8:58 

6.0 

perceptible 

1.0 

5.0 

painful 

^  * 

9:03 

6.0 

perceptible 

* 

5.2 

painful 

^  * 

9:08 

7.0 

perceptible 

1.0 

6.0 

painful 

_  * 

9:13 

8.0 

perceptible 

5.0 

7.5 

painful 

4.0 

9:18 

9.3 

perceptible 

7.0 

8.8 

painful 

6.2 

9:23 

10.3 

perceptible 

8.3 

10.1 

painful 

7.9 

9:28 

10.4 

perceptible 

8.5 

10.2 

painful 

8.1 

9:33 

11.0 

perceptible 

9.2 

10.5 

painful 

8.8 

9:38 

11.0 

perceptible 

9.5 

10.5 

painful 

9.0 

9:43 

10.8 

perceptible 

10.0 

10.4 

painful 

9.5 

9:48 

11.0 

perceptible 

10.2 

10.5 

painful 

9.8 

.  Patient's  weiBht,  140  pounds.  Amount  of  solution  used  on  either  side  was  1  c.c.  per 
100  pounds,  that  is,  1.4  c.c.  After  changing  the  depth  of  preparation  in  the  two  teeth  so  as 
to  obtain  an  equal  response  on  either  side,  the  reading  on  the  inductorium  was  10.5  for  bare 
perception  and  10  for  slight  pain.  The  first  upper  bicuspids  were  tested. 

*No  pain  response  could  be  elicited. 

tBoth  solutions  contained  Neo-synephrine  1 :2,500. 

lonj;  ])eriods.  Moreover,  with  the  use  of  vasoconstrictors,  duration  of  local  anes¬ 
thesia  becomes  less  dependent  upon  the  factor  of  concentration  of  the  anesthetic 
agent. 

The  second  assumption  is  similarly  not  tenable.  There  is  no  rea.son  to 
assume  that  simply  because  a  V2  per  cent  solution  of  procaine  will  suffice  for 
subcutaneous  infiltration  anesthesia  and  block  pain  receptors,  that  the  same 
concentration  will  also  effectively  block  the  sensory  fibers  of  a  nerve  trunk  some 
distance  from  the  site  of  injection.  In  the  former  case  it  is  only  neeessary  for 
the  agent  to  act  upon  scattered  single  receptors,  while  with  submucous  admini¬ 
stration  for  pulpal  anesthesia,  the  solution  must  first  penetrate  the  outer  com¬ 
pact  layer  of  the  alveolar  process;  during  this  comparatively  slow  passage  con¬ 
siderable  dilution  probably  occurs.  This  weakened  solution  then  has  to  act  not 
on  scattered  pain  receptors  as  in  the  mucosa  but  on  the  sensory  fibers  and  their 
sheaths  of  the  moderately  large  pulpal  nerve  trunk,  and  may  prove  ineffective 
unless  a  solution  of  higher  concentration  has  been  administered.  In  other  words. 
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in  submucous  infiltration  for  cavity  preparation,  we  are  actually  attempting 
block  anesthesia  of  the  pulpal  nerve  trunk  but  are  injecting  the  solution  in  an 
area  separated  from  that  trunk  by  compact  bone;  it  is  probably  this  physical 
obstacle  that  necessitates  the  increase  of  concentration  in  conjunction  with  the 
further  fact  that  a  nerve  block  is  attempted  requiring  stronger  solution  than 
that  essential  for  terminal  anesthesia.  Furthermore,  the  nervous  structures  of 
the  dental  pulp  probably  have  a  pain  and  anesthetic  threshold  quite  different 
from  that  of  the  periodontal  membrane,  that  of  bone,  mucous  membrane,  or  the 
skin.  It  would  seem  therefore,  that  the  determination  of  comparative  anesthetic 
potencies  by  methods  employed  in  the  past  have  but  little  significance  when  ap¬ 
plied  to  dental  pulp  anesthesia  by  submucous  infiltration. 

Goetzl,  Burrill,  and  Ivy*^  have  used  the  dental  pulp  as  a  test  organ  to 
measure  effectiveness  of  analgesic  and  hypnotic  drugs  such  as  morphine  and 
acetylsalicylie  acid.  They  state  that  “the  tooth  pulp  possesses  specific  pain 
receptors  and  there  is  good  evidence  that  receptors  of  other  afferent  systems 
are  absent.”'  Histological  studies  reported  by  Noyes,  Schour,  and  Noyes®^  and 
Orban®*  support  this  concept.  With  the  technic  devised  in  this  study,  it  is  felt 
that  testing  of  the  dental  pulp  provides  a  quantitative  procedure  for  comparing 
the  effectiveness  of  various  concentrations  of  different  anesthetic  agents  also. 
Although  the  data  summarized  in  Table  II  permit  only  a  relative  estimation  of 
the  anesthetic  depth  obtained  with  the  two  procaine  solutions,  they  suggest  that 
superior  depth  of  pulpal  anesthesia  is  obtained  with  the  4  per  cent  solution  of 
procaine  hydrochloride. 

COMPARISON  OF  TOXICITY  OF  2  AND  4  PER  CENT  PROCAINE  HYDROCHLORIDE 

SOLUTIONS 

Introduction 

In  1924  Mayer^  undertook  a  review  of  the  question  of  toxicity  of  various 
local  anesthetic  agents.  His  recommendation,  not  to  exceed  a  strength  of  1  per 
cent  of  procaine  hydrochloride  for  purposes  of  infiltration,  was  based  on  a 
thorough  study  of  fatalities  that  had  been  caused  by  a  number  of  local  anes¬ 
thetic  agents.  Out  of  the  43  fatalities  reported,  only  2  could  be  ascribed  by 
him  to  procaine.  One  of  these  two  cases,  a  tonsillectomy  patient,  received  in¬ 
filtration  anesthesia  with  33  e.c.  of  per  cent  procaine  solution  with  epineph¬ 
rine  1 :10,000.  He  died  on  the  operating  table.  On  autopsy  status  lympha- 
ticus  was  demonstrated.  The  second  case  mentioned  received  I/2  per  cent  pro¬ 
caine  solution  subcutaneou-sly  in  a  case  of  extensive  burns;  no  amounts  of  pro¬ 
caine  were  mentioned  nor  presence  or  absence  of  vasoconstrictors.  The  patient 
died  within  30  seconds  after  injection.  Hatcher  and  Eggleston®®  mention  2 
procaine  fatalities.  Both  their  cases  were  .spinal  anesthesias,  in  neither  case 
was  concentration  mentioned,  and  in  one  of  the  2  cases  no  total  dose  of  procaine 
was  given.  The  fatality  reported  by  Hansen®*  was  a  patient  with  severe  asthma 
whose  stellate  ganglion  was  blocked  with  from  20  to  80  c.c.  of  1  per  cent  pro¬ 
caine  hydrochloride  5  times  within  20  days.  She  died  of  respiratory  failure  at 
the  sixth  injection  (epidural  injection?). 
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As  pointed  out  by  Hertzler,^^  none  of  these  cases  is  conclusively  due  to  the 
toxicity  of  procaine  alone  and  they  certainly  do  not  afford  an  adequate  basis 
for  comparing  the  toxicity  of  procaine  in  any  specific  concentrations.  Drug 
sensitivity  and  shock  probably  account  for  the  majority  of  fatalities  mentioned 
above.  ^ 

It  might  be  well  in  this  connection  to  consider  briefly  the  following  figures. 
There  are  about  120,000  physicians  in  this  country  and  70,000  dentists.  Let 
us  surmise  that  each  physician  gives  1  procaine  injection  daily,  that  each  dentist 
gives  5  procaine  injections  daily  and  that  a  work  year  has  300  days.  A  total 
number  of  141,000,000  procaine  injections  are  then  given  in  this  country  each 
year.  Even  allowing  for  the  use  of  sub.stitutes,  well  over  one  hundred  million 
procaine  injections  hre  probably  given  in  the  U.S.  alone  annually.  That  includes 
concentrations  of  Yo  up  to  spinal  injections  of  10  per  cent.  In  the  light 

of  this  information  the  list  of  procaine  fatalities  does  not  appear  impressive. 

The  New  and  Nonofficial  Remedies  advise  that  “the  total  amount  injected 
should  not  exceed  200  mg.  of  the  drug.”  For  dental  purposes  usually  2  c.c. 
of  anesthetic  solution  are  used ;  occasionally  3  or  4  c.c.  may  be  injected.  The 
drug  amounts  administered,  therefore,  are  well  below'  the  maximum  dosage 
recommended,  even  w'hen  a  4  per  cent  solution  is  used. 

When  any  material  is  injected  subcutaneously  or  submucously,  certain 
histological  changes  may  occur.  Whether  the  stronger  solution  w  ill  cause  tissue 
damage  has  been  answered  by  Braun’®  and  Farr.®®  They  state  that  even  a  10 
per  cent  solution  of  procaine  hydrochloride  is  absorbed  after  injection  without 
leaving  any  trace  of  tissue  irritation. 

It  might  be  well  to  point  out  here  that  procaine  was  synthesized  by  Einhorn®^ 
in  1905  and  that  Braun’®  had  recommended  the  addition  of  epinei)hrine  to  local 
anesthetic  agents  in  1903.  Procaine,  therefore,  from  the  date  of  its  discovery 
on  has  almost  always  been  used  in  combination  with  vasoconstrictor.  It  is 
most  probable  that  the  majority  of  the  toxic  symptoms  seen  after  the  adminis¬ 
tration  of  local  anesthetics  are  due  to  the  vasoconstrictor  rather  than  the  anes¬ 
thetic  agent. 

Dramatic  changes  in  l)lood  i)rossure  occur  when  epinephrine  is  injected 
intravenously  even  in  minute  amounts;  they  account  undoubtedly  for  the  oc¬ 
casional  case  of  perspiration,  clammy  skin,  or  fainting  seen  in  the  dental  chair. 

Dentists,  in  their  overwhelming  majority,  use  cartridge  syringes  which, 
while  convenient  otherwise,  generally  do  not  permit  aspiration  to  test  for  ac¬ 
cidental  intravenous  injection.  Recently  Nevin®®  has  described  a  cartridge 
syringe  permitting  aspiration ;  however,  in  the  hands  of  the  writer  the  syringe 
permits  aspiration  only  by  using  undue  pull,  thereby  making  it  difficult  to  main¬ 
tain  the  position  of  the  needle  point. 

That  w'e  probably  have  been  wrongly  indicting  the  toxicity  of  the  com¬ 
paratively  innocent  comimnent,  namely,  that  of  ])r(K*ainc  instead  of  that  of  the 
va.soconstrietor,  has  been  demonstrated  in  recent  yeai-s  in  the  clinical  use  of 
procaine  hydrochloride,  of  course  without  vasoconstrictor,  for  intravenous  anal¬ 
gesia  and  anesthesia.  Allen  et  al.,’®’  ”  and  Bigelow’®  have  reported  the  use 
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of  as  much  as  425  c.c.  of  a  1  per  cent  solution  intravenously  for  general  anes¬ 
thesia  over  a  period  of  one  and  three-fourths  hours.  The  first  8  c.c.  of  the 
solution  may  he  administered  over  a  period  of  just  one  minute.  At  the  University 
of  Oregon  ^Icdical  School  up  to  10  grams  in  1  per  cent  solution  given  intrave¬ 
nously  have  been  used  within  one  hour.^®  If  one  considers  now  that  animal 
experiinents  have  established  that  intravenous  administration  is  approximately 
10  times  as  toxic  as  subcutaneous  administration,  one  cannot  help  wonder  about 
the  arbitrary  maximal  dose  of  200  mg.  for  subcutaneous  use  prescribed  in  the 
N.N.R. 

New  research  in  recent  years  is  also  forcing  changes  in  our  concept  of  the 
fate  and  ultimate  disposal  of  procaine  in  the  body,  a  question  very  important 
for  the  understanding  of  the  toxicity  of  this  substance.^®’ 

As  for  data  in  the  literature  pertaining  to  the  toxicity  of  procaine  when 
used  for  local  anesthesia  in  different  concentrations,  we  find  repeated  references 
to  the  “geometric  ratio  of  increase  in  toxicity  of  procaine  hydrochloride  solu¬ 
tions.  By  this  formula  the  authors  refer  to  a  progression  according  to 

which  1  c.c.  of  a  2  per  cent  solution  of  procaine  hydrochloride  is  not  twice  but 
four  times  as  toxic  as  1  c.c.  of  a  one  per  cent  solution.  An  inquiry  on  this  sub¬ 
ject  at  the  Council  of  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  brought  a  telegram  from  'Walton  Van  Winkle,  Jr.,^^  with  a  list  of 
references.  Study  of  these  references  follows:  Eggleston  and  Hatcher,^®  in 
their  toxicity  studies,  used  concentrations  of  between  5  and  20  per  cent  of  pro¬ 
caine  hydrochloride,  but  no  attempt  was  made  to  elaborate  any  difference  in 
toxicity  between  any  of  these  concentrations.  Meeker  and  Fraser^®  used  one 
concentration  only,  namely,  0.5  per  cent.  Schmitz  and  Loevenhart^^  give  drug 
amounts  only,  but  no  concentrations  at  all.  Dunlop^^  deals  with  the  fate  of 
procaine  rather  than  its  toxicity.  Schamp’®  used  2  per  cent  solutions  only. 
Issekutz  and  Kovari^®  dealt  not  with  toxicity  but  with  metabolism  of  procaine. 
Einstein  and  Silver V®  article,  contains  a  table  com])aring  the  toxicity  on  sub¬ 
cutaneous  administration  of  several  commercial  2  and  4  per  cent  procaine  solu¬ 
tions  containing  different  vasoconstrictors  and  preservatives;  these  additions 
diminish  the  usefulness  of  their  findings  for  our  study  of  the  toxicity  of  pro¬ 
caine  hydrochloride  alone  in  different  concentrations.  It  is  interesting  enough 
though,  that  in  this  table  the  4  per  cent  solutions  appear  less  than  doubly  toxic 
on  the  average,  when  compared  with  the  2  per  cent  solutions  containing  a  com¬ 
parable  amount  of  vasoconstrictor,  and  when  the  comparison  is  based  on  solu¬ 
tions  representing  identical  amounts  of  procaine  hydrochloride.  For  their  deter¬ 
mination  of  toxicity  of  procaine  hydrochloride  without  vasoconstrictor,  these 
authors  used  2  per  cent  solution  only. 

No  experimental  or  clinical  proof  for  the  theory  of  the  geometric  pro¬ 
gression  in  toxicity  of  procaine  had  been  found.  Waters®®  suggested  revision 
and  re-examination  of  this  problem.  We  have  felt  therefore  the  necessity  of  a 
comparison  of  the  toxicity  of  2  per  cent  and  4  per  cent  procaine  hydrochloride 
in  order  to  establish  the  influence,  if  any,  of  concentration  of  this  drug  on  its 
toxicity. 
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Experimental 

Rapid  intravenous  injection  into  the  ear  vein  of  male  white  rabbits  was 
used  for  the  establishment  of  the  intravenous  LDjo  for  2  and  4  per  cent  isotonic 
procaine  hydrochloride  solutions.  Animals  of  1.3  kilograms  to  2.8  kilograms 
weight  were  used,  the  majority  of  them  around  2  kilograms  body  weight.  The 
drug  was  administered  within  periods  of  from  18  to  25  seconds  to  simulate 
clinical  conditions  where  the  drug  may  be  administered  at  that  rate  intra¬ 
venously  inadvertently.  This  mode  of  administration  is  considered  the  best 
yardstick  for  establishment  o^  the  toxicity  of  procaine  hydrochloride.^®’  Table 
IV  shows  the  results. 

Table  IV 

Mortality  Rate  in  Rabbits  Given  Rapid  Intravenous  Injections  of  2  and  4  Per  Cent 
Solutions  of  Procaine  Hydrochloride* 


DOSE 

2%  PROCAINE  HCL 

4%  PROCAINE  HCL 

MG./KG. 

NO.  DYING/NO.  USED 

NO.  DYING/NO.  USED 

40 

0/4 

0/4 

45 

1/4  (25%  died) 

0/4 

50 

5/10  (50%  died) 

5/9  (55%  died) 

55 

7/8  (87%  died) 

4/6  (66%  died) 

60 

4/4  (100%  dieil) 

4/4  (100%  died) 

•Containing  no  vasoconstrictor. 


Rapid  subcutaneous  injection  in  Swiss  male  white  mice  has  been  used  for  the 
establishment  of  the  LDg^  in  the  2  concentrations  for  this  usual  mode  of  adminis- 
tration.2®  Animals  of  13  grams  to  32  grams  weight  were  used,  the  majority 
of  them  around  20  to  25  grams  weight.  Results  are  shown  in  Table  V. 


Table  V 

Mortality  Rate  in  Swiss  Male  White  Mice  Given  Subcutaneous  Injections  of  2  and  4 
Per  Cent  Solutions  of  Procaine  Hydrochloride* 


DOSE 

2%  PROCAINE  HCL 

4%  PROCAINE  HCL 

MG./KG. 

NO.  DYING/NO.  USED 

NO.  DYING/NO.  USED 

800 

2/20  (10%  died) 

3/20  (15%  died) 

900 

14/28  (50%  died) 

15/28  (54%  died) 

1000 

14/20  (70%  died) 

16/20  (80%  died) 

•Containing  no  vasocon.strictor. 


In  all  toxicity  studies  we  used  animals  only  once,  notwith.standing  reports 
by  Schamp,  Schamp,  and  Tainter’*  who  reinjected  the  survivoi’s  after  10  days 
and  found  no  significant  difference  in  the  iiercentage  mortality  between  fresh 
animals  and  those  used  for  a  second  time.  To  minimize  any  effect  on  our  results 
from  slight  variations  in  the  different  batches  of  animals,  we  injected  approxi¬ 
mately  the  same  number  of  each  batch  with  2  per  cent  as  with  4  per  cent  solu¬ 
tion. 

Results  of  Toxicity  Studies 

The  LDgo  for  rapid  intravenous  injection  (administration  time  18  to  25 
seconds)  into  the  ear  vein  of  the  rabbit  was  found  to  be  50  mg./kg.  for  the  2 
per  cent  solution  and  only  very  slightly  less  than  50  mg./kg.,  but  definitely 
more  than  45  mg./kg.  for  the  4  jier  cent  solution. 
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The  LDgo  for  rapid  subcutaneous  injection  near  the  tail  in  Swiss  male  white 
mice  was  found  to  be  900  mg./kg.  for  2  per  cent  solution,  and  slightly  less  than 
900  mg./kg.  but  definitely  more  than  800  mg./kg.,  for  4  per  cent  solution. 

Our  findings  both  in  the  rapid  intravenous  and  in  the  subcutaneous  tests 
with  procaine  hydrochloride  rather  definitely  show  that  there  is  no  or  only  a 
very  insignificant  increase  in  toxicity  as  expressed  in  LDjo  when  the  solution 
administered  is  increased  in  concentration  from  2  to  4  per  eent  as  long  as  the 
drug  amount  is  kept  constant. 

Discussion  of  Toxicitij  Studies 

A  very  great  number  of  findings  on  the  toxicity  of  procaine  hydrochloride, 
when  administered  subcutaneously  or  intravenously  in  laboratory  animals,  have 
been  published  in  the  past  43  years.  Insufficient  or  no  regard  has  been  given 
in  these  investigations  to  dependence  of  toxicity  on  concentration.  For  con¬ 
venience  of  administration,  studies  in  the  past  have  used  generally  a  very  high 
concentration^  as  10  per  cent  for  the  rapid  intravenous  route;  neither  do  these 
studies  as  a  rule  specify  exactly  the  period  of  time  in  seconds  within  which  this 
rapid  administration  took  place.  Both  the  faetoi’s  of  concentration  and  that 
of  the  exact  period  of  administration  time  are  most  important  in  the  determina¬ 
tion  of  toxicity  of  a  drug  as  rapidly  disposed  of  as  procaine.  That  probably 
explains  the  wide  divergence  in  toxicity  figures  (BB50)  quoted  in  standard 
monographs,^®  particularly  in  regard  to  intravenous  administration.  We  have 
not  been  able  to  find  in  the  literature  any  references  to  a  comparison  of  toxicity 
in  procaine  solutions  of  various  strength,  2  and  4  per  cent  in  particular,  when 
identical  drug  amounts  were  used. 

Instead  we  have  encountered  arbitrary  standards  as  that  of  the  “geometric 
ratio  of  increa.se  in  toxicity  of  procaine,”  a  theory  taught  even  today  in  many 
schools.  Our  findings  show  that  this  theory  cannot  be  substantiated  by  LDgo’s 
in  laboratory  animals. 

Toxicity  might  however  express^qtself  in  untoward  symptoms  in  man  only. 

Lovestedt*  has  administered  4  per  cent  procaine  in  a  series  of  500  cases  of 
heart  disease,  treated  for  dental  conditions  at  the  Mayo  Clinic,  and  shown  the 
absence  of  any  untoward  symptoms  with  these  poor  risk  patients. 

In  view  of  the  experimental  findings  on  toxicity  presented  in  this  paper 
and  the  clinical  studies  of  Lundy,®  Stafne,^  Farquhar,®  and  especially  those  of 
Lovestedt,®  it  is  felt  that  the  use  of  4  per  cent  solution  in  dentistry  is  safe. 

Conclusions 

The  necessity  for  more  profound  anesthesia  than  that  obtained  by  admini¬ 
stration  of  2  per  cent  solutions  of  procaine  hydrochloride  is  frequently  felt  by 
dental  clinicians.  Tainter,  Throndson,  and  Moosg*  have  shown  that  an  aveiage 
of  5.5  c.c.  of  2  per  cent  solution  containing  epinephrine  1  ;50,000  was  required 
to  obtain  adequate  clinical  dental  anesthesia.  Out  of  the  344  cases  examined  in 
this  study,  21  per  cent  showed  inadequate  depth  of  anesthesia  even  wdth  this 
rather  large  drug  amount  and  volume.  Winter  and  Tainter®  reported  a  clinical 
comparison  of  2  and  3  per  cent  procaine  solutions,  both  containing  epinephrine 
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1 :50,000.  Ill  this  study  they  state  that  an  average  of  2.8  e.c.  of  the  3  per 
cent  solution  and  an  average  of  3.4  e.c.  of  the  2  ])er  cent  solution  was  reipiired 
to  obtain  adequate  anesthesia.  The  amount  of  3.4  e.c.  of  the  2  per  cent  solution 
needed  in  this  study  varies  considerably  from  the  amount  of  5.5  e.c.  of  the  same 
.solution  needed  for  identical  purposes  by  the  same  author  in  his  previous  work. 
Winter  and  Tainter  stated  that  an  average  of  2.8  c.c.  of  the  3  per  cent  solution 
causes  a  smaller  incidence  of  nervous  perspiration  and  of  respiratory  changes 
than  an  average  of  3.4  c.e.  of  the  weaker  .solution,  but  that  it  doubled  the  fre- 
(piency  of  tremors  and  greatly  increased  the  incidence  of  nervousness.  These 
symptoms  are  of  course  very  much  of  a  subjective  nature  and  hard  to  measure. 
The  authors  also  found  a  shorter  duration  of  anesthesia  for  the  stronger  solu¬ 
tion,  supposedly  caused  by  the  vasodilator  effect  of  the  procaine  that  offset  the 
vasoconstrictor  effect  of  the  epinephrine  more  potently  when  a  stronger  solution 
of  procaine  was  used.  These  findings  differ  from  Sollman’®  and  Braun  V®’’* 
reports,  who  found  an  increase  in  duration  of  anesthesia  when  the  concentration 
of  procaine  hydrochloride  was  increased  and  that  of  epinephrine  was  kept  con¬ 
stant.  The  durations  given  by  Winter  and  Tainter  are  136  minutes  for  the  3 
per  cent  solution  and  190  minutes  for  the  2  jier  cent  solution.  They  stated  how¬ 
ever  that  with  the  3  per  cent  solution  there  was  a  significantly  higher  incidence 
of  complete  anesthesia  and  only  a  .small  number  of  reinjections.  These  authors 
considered  anesthesia  as  adequate  when  it  permitted  the  completion  of  the  opera¬ 
tion.  However,  Tainter,  Throndson,  and  ^loose*  did  not  specify  the  type  of 
operative  or  surgical  procedures  performed  for  which  these  anesthesias  were 
administered  beyond  saying  that  their  observations  were  made  on  patients  sub¬ 
jected  to  the  ordinary  operations  in  oral  surgery,  mostly  extractions."*  It  can 
he  deduced  that  Winter  and  Tainter ’s'*  eases  were  also  cases  of  oral  surgery  only. 

Tainter  and  his  co-workers  were  inobably  attempting  to  determine  the  best 
single  all-round  anesthetic  solution  for  oral  surgery.  His  findings  therefore 
have  but  small  significance  for  the  determination  of  depth  or  duration  of  pulpal 
anesthesia.  It  has  been  the  contention  of  this  writer  that  not  one  but  at  least 
two  concentrations  ought  to  be  used  routinely  for  all  the  various  operative  and 
surgical  procedures  of  a  dental  practice,  namely  a  2  per  cent  and  a  4  per  cent 
solution  of  procaine  hydrochloride. 

In  our  own  tests  we  have  found  not  a  decrease  but  rather  an  increase 
in  the  length  of  pulpal  anesthesia  wdth  4  per  cent  piwaine  as  compared  with 
2  per  cent  solution  containing  identical  amounts  of  vasoconstrictor.  The  ex¬ 
planation  for  this  divergence  possibly  lies  in  the  difference  of  the  end  points 
taken  and  tissues  tested  by  other  authors  and  by  this  w'riter.  Winter  and 
Tainter  judged  duration  by  recurrence  of  sensation  as  determined  by  the  use 
of  an  explorer  on  the  mucous  membrane.  In  pulpal  anesthesia  for  cavity  prep¬ 
aration,  one  of  the  indications  for  the  stronger  solution  advocated  by  this 
author,  obviously  the  anesthesia  or  lack  of  anesthesia  of  the  mucous  membrane 
is  immaterial. 

Our  own  observations  extended  over  one  hour  only,  the  length  of  a  fairly 
long  dental  appointment.  Anesthesia  of  good  depth  and  a  duration  of  one  hour 
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is  desirable.  It  is  of  questionable  practical  advantage  to  have  protracted  anes¬ 
thesia  after  comi)letion  of  the  operation  and  is  rarely  welcomed  by  the  patient. 
A  duration  of  two  hours  as  produced  by  3  per  cent  solution  in  Winter  and 
Tainter’s  study  would  be  actually  preferable  to  one  of  three  hours  as  produced 
by  2  per  cent  solution  by  these  authors.  Thus  Winter  and  Tainter  have  found 
in  comparing  2  and  3  per  cent  procaine  solutions  that  for  a  dental  appointment 
of  ordinary  length  the  more  concentrated  solution  gives  a  deeper,  hence  more 
satisfaetorj",  anesthesia.  This  agrees  fully  with  our  findings  in  comparing  2 
and  4  per  cent  solutions  of  procaine. 

The  use  of  repeated  injections  as  advocated  by  Winter  and  Tainter  for  the 
purpose  of  obtaining  sufficient  anesthesia  also  introduces  an  element  of  chance 
as  far  as  the  determination  of  toxicity  and  duration  are  concerned.  It  has  been 
shown  that  the  toxicity  of  procaine  increases  after  injection  of  an  unchanged 
total  drug  amount  in  several  places  instead  of  into  one  dei)ot.''*^  On  the  other 
hand,  toxicity  is  bound  to  decrease  when  repeated  smaller  dosages  are  adminis¬ 
tered  until  sufficient  depth  of  anesthesia  is  obtained,  even  when  only  as  little 
as  five  or  ten  minutes  elapse  between  the  original  injection  and  the  second  sup- 
l)lementary  dose,  because  of  the  rather  rapid  elimination  of  the  drug  from  the 
system.  As  far  as  duration  of  anesthesia  is  concerned  it  cannot  very  well  be 
measured  accurately  if  repeated  injections  at  arbitrary  intervals  are  given. 

In  the  first  part  of  our  study,  then,  we  have  shown  that  experimentally 
and  clinically  1  c.c.  of  a  4  per  cent  solution  of  i)rocaine  hydrochloride  containing 
Xeo-Synephrine  1 :2,500  gives  a  more  profound  anesthesia  of  the  dental  ])ulp 
than  1  e.e.  of  a  2  per  cent  solution,  containing  an  identical  concentration  of 
Neo-Synephrine,  when  administered  submucously  in  the  upper  jaw. 

In  the  second  part  of  this  paper  we  have  shown  that  without  added  vaso¬ 
constrictor  a  4  per  cent  solution  of  procaine  hydrochloride  is  not  much  more 
toxic  as  a  2  per  cent  solution  in  laboratory  animals,  when  drug  amounts  are  kejit 
constant.  Four  per  cent  solution  is  just  about  10  per  cent  more  than  twice  as 
toxic  as  2  per  cent  solution  when  equal  drug  amounts  are  used.  A  “geometric 
ratio  of  increase  in  toxicity  of  jjrocaine  hydrochloride”  could  not  be  shown  to 
exist.  Drug  amounts  used  in  either  concentration  in  dentistry,  let  us  say  up  to 
4  c.c.,  are  well  within  the  strictest  ])ermis.sible  limits  of  200  milligrams. 

We  wish  to  emphasize  however  that  we  do  not  recommend  universal  use 
of  4  per  cent  solution  in  dentistry  but  rather  the  establishment  of  indications 
for  the  use  of  the  stronger  solution  which  may  then  be  used  by  the  profession 
with  confidence.  The  4  per  cent  solution  should  be  used  mainly  in  maxillary 
infiltration  anesthesia  for  cavity  preparation  and  also  in  any  local  anesthesia, 
block,  or  terminal,  for  the  extraction  of  a  tooth  with  involvement  of  the  apex, 
the  periodontal  membrane,  or  the  curetting  of  granulomatous  apical  foci.'’^ 
The  2  per  cent  solution  .should  be  u.sed  in  all  other  operations. 

SUMM.XRY 

1.  An  objective  experimental  laboratory  procedure  for  comparing  depth 
of  anesthesia  after  administration  of  different  local  anesthetic  agents  is  described. 
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2.  Experimental  and  clinical  tests  are  reported  corroborating  the  applica¬ 
bility  of  such  a  method  in  comparing  intensity  of  anesthesia  for  different  con¬ 
centrations  of  procaine  hydrochloride. 

3.  The  results  of  this  study  indicate  a  greater  depth  of  anesthesia  of  the 
dental  pulp  following  the  submucous  administration  of  4  per  cent  procaine 
hydrochloride  solution  as  compared  with  the  2  per  cent  solution  with  both  solu¬ 
tions  containing  Neo-Synephrine  1 :2,500. 

4.  Toxicity  of  procaine  hydrochloride  without  added  vasoconstrictor  is  not 
materially  dependent  ui)on  concentration  in  laboratory  animals  when  2  and  4 
per  cent  concentrations  are  used,  the  increase  in  toxicity  being  less  than  10  per 
cent  when  the  concentration  is  increased  from  2  to  4  per  cent,  and  drug  amounts 
are  kept  constant. 

5.  The  theory  of  the  “geometric  ratio  of  increase  in  toxicity  of  procaine” 
is  untenable  in  laboratory  animals  when  death  is  used  as  an  end  point. 

The  author  wishes  to  thank  Mr.  James  H.  Maloney,  B.A.,  and  Mr.  Janies  F.  Parks  for 
their  able  help  in  the  experimental  part  of  this  study. 
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GOLD  SOLDERS  FOR  DENTAL  USE 


N.  O.  TAYLOR,  Ph.D.,  AND  C.  K.  TEAMF^R 
Philadelphia,  Pa. 

IF  published  data  are  taken  as  a  basis  for  judgment,  gold  solders  for  dental 
use  have  apparently  been  given  less  attention  than  any  other  type  of  gold 
alloy  used  in  dentistry.  In  all  probability  this  class  of  materials  has  received 
far  more  consideration  than  a  survey  of  the  literature  would  indicate,  since 
there  have  been  many  changes  in  the  types  of  solders  found  on  the  market 
and  new  formulae  are  constantly  appearing  in  the  various  standard  lines  of 
dental  golds. 

Many  individuals  have  very  definite  ideas  as  to  the  proper  performance 
standards  for  solders,  but  in  many  cases  their  opinions  are  based  upon  their 
own  individual  technical  processes  and  upon  equipment  which  few  would  con¬ 
sider  standard.  Manufacturers  have  found  it  difficult  to  satisfy  all  indi¬ 
viduals  with  any  one  type  of  solder  and  probably  never  will  be  able  to  do  so 
since  irregularities  in  methods  of  use  can  ruin  the  qualities  of  solders,  no  mat¬ 
ter  how  fine  their  performance  under  the  proper  conditions. 

A  list  of  physical  characteristics  generally  considered  desirable  in  solders 
is  given  below.  They  are  enumerated  in  an  approximate  order  of  impor¬ 
tance  : 

1.  Easy  flowing. 

2.  Free  flowing. 

3.  Freedom  from  pitting. 

4.  Strength  approxim..ting  or  exceeding  that  of  the  underlying 
structure. 

5.  Color  to  match  the  materials  with  which  they  are  used. 

6.  Building  qualities  which  permit  the  development  of  desired  shapes 
by  partial  fusion. 

To  these  must  be  added  the  chemical  property  of : 

7.  Freedom  from  corrosion  or  staining  in  service. 

The  terms  Easy  flowing  and  Free  flowing  are  often  lised  synonomously, 
but  on  more  careful  consideration  seem  to  be  applied  to  two  separate  con¬ 
ditions.  Easy  flowing  may  be  considered  as  referring  to  the  location  of  the 
fusion  range  which  should,  of  course,  be  sufficiently  below  that  of  the  ma¬ 
terials  to  be  soldered  that  all  danger  of  melting  any  portion  of  them  during 
the  soldering  operation  may  be  avoided  and,  at  the  same  time,  it  must  be  low 
enough  to  permit  easy  manipulation  with  the  equipment  found  in  the  dental 
office.  Free  flowing  materials  are  those  which  flow  freely  once  they  are 
melted  and  this  term  covers  those  characteristics  influenced  by  fluidity  and 
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surface  tension  and  descril)es  the  property  which  enables  solders  to  spread 
over  clean  metal  surfaces,  to  pull  themselves  into  fine  openings,  and  to  follow 
along  metals  at  points  of  contact. 

Freedom  from  pitting  in  solders  appears  to  be  a  condition  highly  desired 
but  seldom  entirely  obtained.  Pitting  may  be,  and  often  is,  almost  entirely 
mechanical  and  is  the  result  of  incomplete  or  improper  fluxing.  These  me¬ 
chanical  factors  are  influenced  by  the  width  of  the  melting  range  of  the  solder, 
its  viscosity,  and  the  viscosity  of  the  flux  used.  The  comiiosition  of  the  solders 
may  also  be  a  factor,  in  that  solders  containing  large  percentages  of  low  fusing 
base  metals  may  have  a  portion  of  these  metals  converted  to  vajmr  by  over¬ 
heating  and  so  be  a  source  of  a  type  of  pits  very  aggravating  to  the  user. 

The  strength  of  solders  is  important  in  that  solder  joints  are  often  small 
in  proportion  to  the  size  of  the  other  portions  of  dental  restorations  and  must 
carry  corresi)ondingly  higher  stresses.  The  hardness  and  strength  of  gold 
^  solders  increase  with  decreasing  fineness  and  fortunately,  dental  solders,  being 
of  lower  karat  than  the  materials  ui)on  which  they  are  used,  are  normally 
i  as  strong  as  or  the  stronger  of  the  two  and  the  user  seldom  needs  to  consider 
strength  in  selecting  a  .solder  for  use.  Solders  above  .650  in  fineness  should 
not  be  used  in  small  sections  carrying  heavy  stresses. 

Color  is  often  mentioned  as  an  important  property  of  solders,  but  in  prac¬ 
tice  it  appears  that  the  importance  of  color  in  solder  is  largely  a  matter  of 
whether  or  not  it  is  inconspicuous  in  the  polished  restoration  ready  to  be 
placed  in  service,  rather  than  after  the  restoration  is  inserted  in  the  mouth. 
Polished  gold-colored  solders  usually  match  the  color  of  dental  casting  alloys 
sufficiently  w’ell  to  avoid  comment,  despite  the  variations  in  color  found  in 
commercial  solders.  It  might  be  pointed  out  that  they  would  be  even  less  notice¬ 
able  in  the  average  case  if  users  were  careful  to  use  only  the  amount  of  solder 
neees.sary  to  the  contruction  of  the  case  and  no  more. 

The  characteri.stic  of  a  solder  which  permits  it  to  be  maintained  in  a  semi¬ 
plastic  state  and  to  be  built  into  desired  shapes  depends,  not  only  funda¬ 
mentally  on  its  basic  composition  and  the  width  of  its  fusion  range,  but  to  a 
greater  extent  upon  the  ability  of  the  user  to  control  properly  his  soldering 
flame.  This  characteristic  is  not  so  important  today  as  it  was  in  the  period 
when  “solder”  bridges  predominated  in  the  field  of  bridgework. 

Aside  from  the  characteristics  desired  in  individual  solders,  consideration 
must  also  be  given  to  the  comparative  melting  ranges  of  solders  considered 
as  a  series  since  many  dental  restorations  are  constructed  by  step  or  progres-^ 
sive  soldering  operations  which  require  the  use  of  solders  which  have  fusion 
ranges  sufficiently  separated  to  permit  these  operations  to  be  carried  out  con¬ 
veniently  and  safely.  The  actual  differences  in  melting  ranges  required  are 
less  than  might  appear  from  fusion  range  data  but,  in  selecting  solders  from 
a  series  for  use,  materials  varying  in  fineness  by  50  to  70  parts  per  thousand 
should  be  chosen. 
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The  relative  resistance  of  soUlere  to  corrosion  ami  staining  in  service 
is  difficult  to  determine  by  testing  the  solders  themselves,  no  satisfactory 
and  indicative  corrosion  having  been  developed  for  dental  golds.  It  may  be 
assumed  that  the  performance  characteristics  of  the  higher  karat  solders  are 
better  than  those  of  the  lower  karat  materials,  and  the  use  of  the  higher  grades 
of  materials  is  to  be  recommended  on  this  basis ;  but  as  the  physical  character¬ 
istics  must  be  considered  carefully  in  selecting  solder,  the  physical  advantages 
accruing  through  the  use  of  lower  karat  soldere  in  many  cases  outweigh  the 
possible  greater  corrosion  resistance  of  high  karat  alloys. 

(Government  agencies  have  been  interested  in  acceptable  specifications  for 
dental  solders,  and,  in  connection  with  development  work  on  some  new  solder 
fornudas,  it  seemed  desirable  to  outline  a  basis  for  a  solder  specification  which 
might  be  effective  in  defining  solders  of  acceptable  working  qualities  as  well  as 
being  based  on  comi)aratively  simple  test  methods. 

Since  the  development  of  practical  test  methods  and  specifications  for 
solders  requires  a  basis  of  fundamental  information,  a  considerable  number 
of  solder  formulas  were  studied  to  develop  such  a  basis.  These  materials 
were  essentially  alloys  of  gold-  silver-  and  copper  to  which  varying  proportions 
of  zinc,  tin,  and  ])hos])horus  had  been  added,  and  it  seemed  advisable  to  con¬ 
sider  the  ternary  system  as  a  base  in  comparing  these  materials. 

The  data  of  L.  Sterner-Rainer^  provided  a  satisfactory  basis  for  the 
desired  comparison  and  they  have  been  summarized  in  convenient  form  in 
two  ternary  diagrams  (Figs.  1  and  2)  which  show  the  liquidus  and  solidus 
of  the  series  by  means  of  isotherms  which  have  been  constructed  by  interpola¬ 
tion  from  the  original  melting  range  data.  In  each  of  the  diagrams  the 
approximate  location  of  the  series  of  minimum  fusing  alloys  which  lie  between 
the  copper-silver  eutectic  and  the  minimum  fusing  gold-copper  composition 
are  shown  by  the  dotted  lines  A-A.  The  compositions  of  the  plate  alloys  com¬ 
monly  used  in  dentistry  are  also  indieated  by  horizontal  lines.  In  practice 
the  silver  content  of  plate  golds  usually  exceeds  the  copper  content.  To  avoid 
unnecessary  complication  of  these  diagrams  the  solder  compositions  studied, 
reduced  to  their  basic  gold-silver-copper  proportions,  are  indieated  in  a  third 
diagram  (Fig.  3). 

A  study  of  the  first  two  diagrams  shows  that  the  melting  ranges  of  dental 
plate  golds  could  be  decreased  by  the  addition  of  copper  alone,  but  experi¬ 
ence  has  shown  that  the  lowering  obtained  was  imsufficient  to  provide  the  low 
fusing  alloys  desired  for  solders.  The  desired  decrease  in  the  fusion  range 
has  generally  been  accomplished  by  eombining  the  effects  of  lower  gold  con¬ 
tent,  increasing  the  copper  content,  and  by  the  addition  of  low  fusing  base 
metals  to  the  -original  plate  formulas.  The  resulting  alloys  are  commonly 
designated  as  solder  for  specified  karat  plates  or  by  their  fineness  in  parts  per 
thousand  of  gold.  Many  of  the  casting  alloys  now  used  are  sold  by  trade 
names  or  brand  designations  and  their  karat  values  are  not  given.  It  is  prefer- 
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able  to  have  the  fineness  stamped  upon  each  piece  rather  than  having  them 
marked  “For  18K,”  or  perhaps  18-18-18,  these  latter  markings  being  only  an 
indefinite  indication  of  usage. 

A  study  of  one  series  of  solders  to  determine  the  effects  of  added  base 
metals  (zinc  and  tin)  gave  roughly  a  10°  C.  lowering  of  the  li(iuidus  and  a 
24°  C.  lowering  of  the  solidus  for  each  one  per  cent  of  base  metals  added 
when  the  fineness  was  .625  (62.5  per  cent  of  gold)  or  lower.  The  lowering 
of  the  liquidus  of  higher  karat  solders  was  about  5°  greater  for  similar 
additions  while  the  effect  on  the  solidus  was  about  the  same  as  in  the  lower 
karat  materials. 


100%  Au  by  Might 


Basic  Formulas  of  the  Solders  Studied 

Fig.  3. 

These  figures  are  only  approximations  when  ajiplied  to  all  types  of 
solders  since  effects  of  the  added  .zinc,,  tin,  and  phosphorus  depend  upon  the 
proportions  of  each  and  these  values  vary  widely  in  commercial  solders.  The 
observed  values  were,  however,  sufficiently  constant  to  serve  as  a  basis  for 
reasonably  accurate  predictions  as  to  the  qualities  and  properties  of  solders 
of  other  basic  compositions  with  similar  fusible  metal  additions. 

In  the  first  diagram  (Fig.  1)  the  line  A- A  divides  the  compositions  into 
two  groups  which  in  practice  serve  as  a  basis  for  two  types  of  solders.  When 
alloys  with  constant  amounts  of  the  low  fusing  constituents  are  observed,  those 
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whose  basic  compositions  lie  to  the  rig:ht  of  the  dividing  line  seem  more  diffi¬ 
cult  to  flow  on  current  dental  alloys  despite  the  fact  that  their  melting  ranges 
may  be  lower  than  some  of  the  alloys  lying  to  the  left  of  the  dividing  line. 

Their  sluggish  flowing  qualities  may  be  explained  if  consideration  is 
given  a  vertical  section  of  the  gold-silver-copper  diagram  taken  along  li-B 
in  Fig.  1  and  shown  in  Fig.  4.  From  this  diagram  it  will  be  seen  that  solders 
of  this  type  are  higher  fusing  than  alloys  intermediate  between  their  com¬ 
positions  and  that  of  a  plate  alloy  in  which  they  might  be  used.  When  they 
are  fused,  the  first  reaction  seems  to  be  to  absorb  gold  or  perhaps  both  gold 
and  silver  from  the  plate  until  the  lowest  fusing  mixture  is  reached  at  which 
time  the  solders  flow  freely.  As  a  time  factor  is  involved,  operators  may  feel 
that  the  solder  needs  extra  heat  to  make  it  flow.  Actually  overheating  may 
occur  and  it  will  aggravate  the  tendency  of  this  type  of  solder  to  penetrate  the 
plate  and  will  make  it  appear  thin  and  watery  when  it  finally  starts  to  flow. 
Solders  of  this  type  have  very  satisfactory  building  characteristics  because  of 
their  initial  “sticky”  tendencies.  They  are  very  useful  in  building  solder 
l)ontics  and  inlay  contacts.  Their  color  is  on  the  dark  side  because  of  the 
higher  copper  content. 


Fig.  4. 

Solders  whose  basic  compositions  lie  to  the  left  of  the  lowest  melting 
compositions  are  much  easier  to  handle  in  ordinary  dental  soldering  opera¬ 
tions,  flow  starting  as  soon  as  melting  becomes  apparent.  Assuming  that  it  is 
in  this  group  that  the  most  satisfactory  dental  solders  will  be  found,  further 
consideration  of  the  basic  diagram  would  suggest  that  the  best  possibilities 
would  lie  close  to  the  minimum  fusing  compositions,  and  that,  if  a  series  is  to  be 
considered,  compositions  should  be  so  selected  that  a  line  drawn  through  their 
basic  compositions  would  parallel  the  low  fusing  composition  line  (A-A)  closely 
until  above  72  per  cent  gold  when  it  should  turn  to  the  left  and  roughly  parallel 
the  gold-copper  base  line.  This  line  would  cut  isotherms  roughly  at  right 
angles,  and  the  compositions  through  which  it  passes  would  give  the  maximum 
increases  possible  in  melting  ranges  with  necessary  variations  in  fineness.  It  is 
possible  to  select  a  series  of  solders  whose  compositions  lie  along  an  isotherm 
and  so  defeat  the  purpose  behind  the  use  of  varying  fineness  in  solders  as  an 
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entire  series  may  have  approximately  the  same  melting  range.  In  Fig.  3  a 
line  has  been  drawn  through  the  basic  compositions  of  twelve  solders  which, 
despite  a  .150  variation  in  fineness,  have  a  maximum  difference  in  melting 
ranges  of  about  25°  Centrigrade. 

Following  the  line  of  thought  just  expressed,  groups  of  solders  were 
cheeked  carefully  to  determine  their  practical  working  characteristics.  Ob¬ 
servations  based  upon  the  fiowing  of  the  solders  on  variously  shaped  pieces 
of  22K  plate,  as  shown  in  Fig.  5,  gave  confirmation  of  the  desirable  properties 
of  solders  of  type  of  compositions  outlined.  The  cylinder  A  is  roughly  that 
described  in  early  Navy  specifications  for  dental  solders  which  recjuired 
solders  to  flow  the  length  of  such  a  cylinder  (bevel  edged,  annealed,  pickled, 
and  fluxed). 

Two  curved  pieces,  as  shown  by  B  (Fig.  5),  set  at  a  slight  angle  to  each 
other  serve  to  demonstrate  the  surface  tension  of  solders,  which,  when  fused, 
should  pidl  the  pieces  tightly  together.  A  small  piece  of  solder  placed  on  the 
edges  of  the  same  two  pieces  of  i)late  after  soldering,  as  in  C  (Fig.  5),  should 
solder  the  two  pieces  throughout  the  upper  section  above  the  first  solder  joint. 


¥ 


Fig.  5. — Practical  soldering  tests. 

A  verj’  effective  check  on  the  flowing  qualities  of  solders  is  provided  by  a 
cylinder  as  shown  in  D  (Fig.  5).  Solders,  if  properly  formulated,  will  flow 
vertically  along  a  cylinder  for  at  least  one  and  one-half  inches  when  fused 
properly. 

Other  practical  tests  were  made  by  flowing  heavy  sections  of  solder  into 
small,  trough-shaped  sections  of  22K  plate  to  observe  any  tendencies  to  pit. 
Pitting,  except  that  resulting  from  over  heating,  is  so  largely  dependent  upon  the 
skill  and  care  of  the  operator  that  this  sort  of  test  seemed  indeterminate. 
Similarly,  the  successful  use  of  solders  in  building  up  thick  sections  seems 
largely  a  question  of  operative  skill  and  not  an  item  which  can  be  easily  de¬ 
termined  by  test. 

A  series  of  specifications  for  solders  of  acceptable  working  qualities  should 
include  tests  to  assure  the  pos.session  of  all  the  desirable  properties  listed  earlier. 

Compositions  alone  would  be  unsatisfactory  as  a  specification  because  of 
the  difficulty  of  complete  analyses.  Fixed  formula  specifications  are  often  con- 
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sidered  undesirable  as  limiting  desirable  future  improvements  in  quality.  Gold 
and  silver  are,  however,  easy  to  determine  by  assay,  and  for  solders  of  specified 
fineness,  a  silver  content  defined  between  fairly  narrow  limits  seems  one  prac¬ 
tical  specification  item  as  it  will  place  solders  in  approximately  the  basic  com¬ 
position  ranges  w’hieh  seem  desirable  (Area  C,  Fig.  1). 

The  fusible  elements,  which  are  among  those  difficult  of  analysis,  influence 
our  fusion  ranges  very  definitely.  A  sufficiently  large  proportion  of  them  should 
be  present  to  assure  the  desired  free  flowing  characteristics  without  having  so 
much  present  as  to  make  pitting  a  common  occurrence.  A  satisfactory  practical 
fusion  test  seems  the  best  method  of  checking  the  effects  of  these  constituents. 
A  conventional  melting  range  determination  is  not  practical  because  of  the 
quantity  of  material  required  for  the  test.  Experience  with  the  “Fusion  Test — 
Wire  Method”  as  defined  in  American  Dental  Association  Specification  No.  5 
for  Inlay  Golds  as  applied  to  solders  has  not  been  satisfactory  because  of  erratic 
results  and  the  tendency  for  the  determined  values  to  fall  outside  (below)  the 
fusion  range. 


After  considerable  experimentation,  a  satisfactory  fusion  test  for  solders 
was  developed.  It  consisted  of  the  determinations  of  the  temperatures  at  whieh 
one-sixteenth  inch  discs  of  .solders  .010  inch  to  .012  inch  in  thickness  would:  (A) 
first  attach  themselves  to  a  fluxed  plate  of  pure  gold,  (B)  start  to  flow  but  still 
show  evidence  of  the  original  shapes,  and  (C)  flow  and  lose  all  evidence  of  the 
original  form.  The  discs  of  solders  were  prepared  by  punching  them  from 
strips  or  pieces  as  received  from  the  producer. 

These  tests  were  carried  out  in  a  silver  block  cast  to  fit  the  platinum-wound 
muffle  of  a  porcelain  fusing  furnace.  It  contained  a  reee.ss  for  the  test  samples 
and  a  round  opening  to  accommodate  a  thermocouple  (Fig.  6).  This  block  was 
protected  from  outside  influences  by  an  insulating  door  block  and  temperatures 
at  10°  C.  intervals  were  easily  obtained  and  maintained.  Fig.  7  illustrates 
typical  specimens  representing  the  three  points  mentioned. 

The  establishment  of  a  series  of  temperatures  at  which  solders  of  various 
fineness  should  first  attach  themselves  to  plate  will,  if  set  high  enough,  prevent 
the  use  of  too  much  zinc,  tin,  and  phosphorus.  A  similar  series  of  properly 
selected  temperatures  at  which  flow  and  loss  of  form  must  take  place  assures  the 
necessary  easy  flowing  characteristics.  These  fusion  requirements  in  combina¬ 
tion  with  specified  composition  limits  and  practical  tests  for  satisfaetory  flow 
should  insure  the  purchase  of  good  quality  solders  under  a  speeification. 
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The  following  requirements  for  dental  gold  solders  of  the  grades  shown 
were  suggested  as  a  basis  for  specifications  covering  the  properties  of  these 
materials. 


Suggested  Requirements  for  Dental  Gold  Solders* 


GOLD 

FINENESS  TO  BE 
STAMPED  ON 
EACH  PIECE 

FUSION  TESTS 

(30  SEC.  AT  TEMPERATURES  GIVEN) 

SI  LI 

MINIMUM 

(per  cent) 

•ER 

MAXIMUM 
(PER  CENT) 

ATTACHES  TO 

PLATE. 

HOLDS  SHAPE,  t 
DEGREES  F. 

MINIMUM 

PLOWS  BUTt 
SHOWS  EVIDENCE 

OP  ORIGINAL 
SHAPE. 

DEGREES  F. 

FIXIWS  AND  LOSES 

ALL  TRACE  OF 
ORIGINAL  SHAPE.5 
DEGREES  F. 

MAXIMUM 

.800 

8 

1490 

.730 

1440 

1490 

.650 

1430 

1475 

1500 

.615 

1410 

1460 

1490 

.600 

20 

1400 

1480 

.585 

22 

1390 

1480 

.570 

23 

1390 

1440 

1475 

.530 

27 

1380 

1430 

1460 

.500 

25 

29 

1380 

1425 

1450 

.490 

26 

30 

1380 

1420 

1450 

.435 

30 

34 

1380 

1395 

1425 

•Since  this  paper  was  presented  and  prior  to  Its  publication,  the  above  suggestions  were 
first  adopted  as  a  basis  for  the  current  U.  S.  Navy  Specification  for  Dental  Solders  and  later 
by  the  U.  S.  Army  for  Its  purchase  of  these  materials. 

tFor  information  only — not  as  a  specification  Item. 

JWhen  checked  with  a  series  of  solders  these  values  averaged  56  degrees  Fahrenheit 
above  the  low  limit  of  the  fusion  ranges. 

SThese  values  averaged  9  degrees  B'ahrenheit  above  the  upper  limit  of  the  fusion  range. 


Fig.  7. — Various  stages  of  fusion  tests. 


SUMMARY 

1.  The  desirable  properties  of  solder  were  studied  in  relation  to  their 
basic  gold-silver-copper  proportions. 

2.  Based  upon  consideration  of  fusion  data  by  L.  Sterner-Rainer,'  basic 
solder  compositions  were  indicated  which  should  be  acceptable  in  use. 

3.  Test  methods  were  developed  which  made  it  possible  to  determine  the 
fusion  characteristics  of  dental  gold  solders  on  very  small  samples. 

4.  Series  of  gold  solders  were  tested  to  determine  the  practical  application 
of  the  test  methods  developed,  and  fusion  data  were  compared  with  those 
obtained  by  conventional  methods. 

5.  Suggested  requirements  covering  the  properties  of  gold  solders  rang¬ 
ing  in  fineness  from  .435  to  ,800  were  outlined  as  a  basis  for  purchase 
specifications. 
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THE  EFFECTS  OF  VARIABLE  FACTORS  ON  CRUSHING 
STRENGTHS  OF  DENTAL  AMALGAJklS 
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Dental  amalfiams  constitute  a  most  important  and  very  high  proportion  of 
individual  tooth  restorations.  The  physical  properties  of  finished  amal¬ 
gams,  upon  which  the  restorations  depend  for  satisfactory  service,  vary  with 
the  alloy  formulas,  manufacturing  methods,  mixing  procedures,  and  condensa¬ 
tion  technics. 

Previous  studies  of  amalgams  have  established  the  effects  of  many  variables 
and  the  American  Dental  As.sociation  and  Federal  Specifications  for  Dental 
Amalgams  have  established  performance  .standards  which  are  generally  ac¬ 
cepted. 

In  the  earlier  tentative  drafts  of  these  specifications,  the  physical  qualities 
governed  by  detailed  requirements  included  setting  expansion,  flow,  and  cru.sh- 
ing  strength.  In  later  revisions  the  crushing  strength  requirements  were 
eliminated  primarily  because  those  amalgams  which  met  the  flow  requirements 
also  met  the  crushing  strength  requirements.  Notwithstanding  the  discontinu¬ 
ance  of  this  early  and  rather  low  requirement,  the  crushing  strength  of  amal¬ 
gams  under  many  conditions  have  been  reported  in  dental  literature.^’  ® 

In  considering  some  problems  involved  in  the  selection  of  testing  methods 
for  gypsum  products  it  became  apparent  that  some  characteristics  of  these  ma¬ 
terials  coidd  best  be  determined  by  studying  their  elastic  properties  and  crush¬ 
ing  strengths  under  loads  very  slowly  applied.  As  data  available  on  the  crush¬ 
ing  strengths  of  amalgams  gave  no  definite  indication  of  the  loading  rates  em- 
ploj’ed,  it  appeared  of  interest  to  observe  the  effects  of  variations  in  loading 
rates  on  amalgams. 

An  introductory  series  of  tests  to  determine  crushing  strengths  of  amalgams 
under  slow  loading  indicated  that  it  would  be  possible  to  determine  both  elastic 
and  plastic  characteristics  of  these  materials,  and  so  gain  some  new  basic  in¬ 
formation  which  could  be  related  to  the  usefulness  of  these  alloys  in  service. 

After  considerations  of  many  of  the  variables  involved  in  amalgam  technics, 
series  of  tests  were  outlined  which  would  show  the  effects  of  several  individual 
factors.  Those  factors  which  can  be  controlled  by  the  dentist  were  given  major 
consideration.  In  recent  years  the  increasing  use  of  mechanical  amalgamators 
has  made  their  effects  of  interest;  similarly,  the  effects  of  mechanical  condensing 
devices  are  of  interest  to  the  dental  profession,  so  these  were  also  included. 

In  practice,  amalgam  mixes  seldom  contain  more  than  twelve  grains  of 
alloy  plus  the  required  amount  of  mercury;  and  as  the  current  amalgamators  are 
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not  designed  to  handle  larger  mixes  well,  it  was  decided  that  a  twelve-grain 
mix  would  be  a  closer  approximation  to  the  mixes  used  in  dental  practice  than 
the  large  crushing  strength  specimen  used  by  most  previous  workers.  This 
size  of  mix  is  sufficient  to  make  a  cylindrical  test  specimen  4  mm.  in  diameter 
and  8  mm.  long,  which  is  the  standard  A.D.A.  specification  size  for  flow  test 
specimens. 

Following  the  selection  of  the  specimen  size,  tests  were  outlined  to  show  the 
variation  of  crushing  strengths  for  amalgam  when:  (1)  Two  sizes  of  speci¬ 
mens  were  tested;  6  x  12  mm.  and  4x8  mm.;  (2)  the  loading  rate  (as  meas¬ 
ured  by  head  travel  of  the  testing  machine)  was  varied;  (3)  the  method  of 
mixing  was  varied;  (4)  the  method  of  condensation  was  varied;  and  (5)  the 
age  of  the  specimens  when  tested  was  varied. 

Five  current  dental  alloys  listed  below  were  selected  for  test. 

Alloy  Manufacturer 

Aristaloy  Baker  &  Company 

Fine  Cut  The  L.  D.  Caulk  Company  • 

Twentieth  Century  The  L.  D.  Caulk  Company 

White  Beauty  Lang  Dental  Mfg.  Co. 

True  Dentalloy  (A)  The  S.  S.  White  Dental  Mfg.  Co. 

These  include  two  fine  cut  alloys,  two  which  would  be  classed  as  medium  in 
particle  size,  and  a  fifth  which  would  be  considered  relatively  coarse  cut.  The 
following  details  of  procedure  were  established : 

1.  Test  specimens  were  packed  in  split  steel  molds  of  appropriate  dimen¬ 
sions,  clamped  on  the  working  surface  of  the  pressure  recording  device  de¬ 
veloped  and  previously  reported  by  Ward  and  Scott^  so  that  it  was  possible 
to  observe  visually  the  pressure  exerted  by  the  condensing  instruments. 

2.  Alloy  samples  (12  grains)  and  mercur\'  were  weighed  on  a  Crandall 
balance.  The  alloy-mercury  ratio  was  %  for  all  specimens. 

3.  Mixing  procedures  were  as  follows:  (A.)  “Mortar  mixing”  indicated 
that  the  alloys  were  mixed  in  a  properly  conditioned  S.  S.  White  No.  9  mortar 
in  accordance  with  the  manufacturer’s  directions  with  the  exception  that  trit¬ 
uration  in  the  mortar  was  continued  until  results  equivalent  to  that  obtained 
by  mulling  (if  specified)  were  obtained.  (B.)  The  term  “normal”  was  used  to 
describe  samples  mixed  in  the  Rose  Amalgamator  for  time  intervals  which  would 
provide  characteristics  in  mixes  as  nearly  as  it  was  practically  possible  to 
duplicate  those  obtained  by  mortar  mixing.  (C.)  Variations  in  the  mixing  time 
in  the  Rose  Amalgamator  to  provide  inadequate  mixing  were  li.sted  as  “under¬ 
mixed,”  and  similarly  extended  mixing  times  gave  “overmixed.”  The  charac¬ 
teristics  of  the  alloys  tested  varied  markedly  and  Table  I  indicates  the  time  in¬ 
tervals  associated  with  these  descriptive  terms.  To  obtain  uniformity  of  mixing 
conditions  the  amalgamator  was  operated  on  110  volts  A.C.  Voltage  was  con¬ 
stantly  checked  by  an  indicating  voltmeter  and  controlled  by  a  variable  trans¬ 
former.  Time  intervals  were  measured  by  an  electric  timer  or  a  stop  watch. 
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(D.)  Mercury  from  portions  of  the  mixed  alloys  was  expressed  through  a 
squeeze  cloth  by  twisting  and  hy  finger  pressure  as  required  just  prior  to  pack¬ 
ing.  The  mixed  amalgam  specimens  were  divided  into  four  to  five  portions  for 
packing. 

Table  I 

Mixing  Time  in  Rose  Amaixjamator 


ALLOY 

UNUEKMIX 

(SECONDS) 

NORMAL 

(seconds) 

OVERMIX 

(SECONDS) 

1 

5 

8 

11 

2 

8 

13 

18 

3 

10 

15 

20 

4 

15 

20 

25 

5 

14 

20 

25 

4.  Condensing  procedures  were  selected  as  follows:  (A.)  “Hand”  con¬ 
densation  indicates  that  samples  were  packed  using  6-  to  8-pound  thrusts  on  a 
2-mm.  diameter,  smooth-faced  plugger  stepped  around  the  walls  of  the  cavity 
and  across  the  center  after  each  addition  of  alloy  until  the  final  surface  was 
reached.  Then  a  4-mm.  diameter  smooth-faced  plugger  was  used  and  pressures 
increased  to  aid  in  the  removal  of  the  last  excess  of  mercury.  (B.)  Specimens 
packed  with  the  mechanically  driven  condensor  indicated  as  “A”  w^ere  pre¬ 
pared  using  a  handpiece  speed  of  1440  r.p.m.  As  pressure  could  be  applied 
through  this  instrument  the  terms  light,  medium,  and  heavy  were  used  to  indi¬ 
cate  thrust  pressures  of  2-4  lbs.,  5-6  lbs.,  and  7-8  lbs.  Condensation  was  started 
wdth  a  plugger  2  mm.  in  diameter  and  finished  with  one  4  mm.  in  diameter. 
(C.)  Specimens  were  packed  with  a  mechanically  actuated  condensor  indicated 
as  “B”  which  provided  a  vibratory  motion  to  the  packing  point  when  pressures 
w’ere  applied.  Investigation  showed  that  even  relatively  low  pressures  w'ould 
stop  the  vibratorj"  action  of  the  instrument,  and  so  tests  w-ere  made  with  it  by 
varying  handpiece  speeds  from  1440  to  2175  and  3250  r.p.m.  Pressure  as  ap¬ 
plied  to  the  instrument  during  these  te.sts  was  approximately  two  pounds  as 
shown  by  the  manometer.  Condensation  w^as  started  with  a  point  2  mm.  in 
diameter  and  finished  wdth  one  3.5  mm.  in  diameter.  (I).)  A  third  series  of 
mechanically  condensed  specimens  was  prepared  by  using  an  air-actuated,  im¬ 
pact  type  of  condensor  indicated  as  “C”  wdth  air  valve  set  at  notch  8  (lowest 
impact  notch  1)  and  with  variable  compressor  speeds  later  indicated  as  3,  4, 
and  5,  and  associated  with  speeds  of  640,  750,  and  700  r.p.m.  when  operated 
on  110  volts.  It  was  noted  that  the  motor  speed  of  this  instrument  varied 
greatly  with  voltage  and  motor  temperatures.  The  voltage  was  controlled  as 
described  earlier  for  the  amalgamator  used,  and  the  motor  was  operated  at  least 
20  minutes  before  any  test  was  made  in  order  to  inerease  uniformity  of  con¬ 
ditions.  The  straight  handpiece  of  instrument  was  used  wdth  a  single  con¬ 
densing  point  3.7  mm.  in  diameter  and  pressure  w^as  applied  only  until  the 
valve  operated  (about  one  to  one  and  one-half  pounds). 

The  variations  in  speed  with  time  and  voltage  previously  mentioned  are 
large  enough  to  seem  w'orthy  of  consideration  since  they  constitute  a  warning  of 
possible  inconsistent  end  results  in  amalgam  w-ork. 
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Fig.  1  illustrates  the  variation  in  the  speed  of  the  compressor  used  with  the 
length  of  operating  time.  It  will  be  noted  that  both  the  number  and  power  of 
impacts  produced  will  vary  widely  as  the  motor  operates  for  longer  intervals. 
Table  II  gives  average  speeds  at  the  settings  indicated  after  the  compressor 
was  operated  20  minutes  or  more,  and  again  marked  differences  in  performance 
are  to  be  observed.  (E.)  Both  ends  of  all  specimens  were  trimmed  smooth  with 
a  razor  blade  before  removing  from  the  steel  die  and  while  still  susceptible  to 


carving.  Some  earlier  flow  tests  on  standard  alloys  indicated  little  differences 
in  results  wdth  specimens  so  prepared  and  those  whose  ends  were  turned  in  a 
lathe.  All  specimens  were  prepared  and  tested  at  room  temperature  (22°  to 
26°  C.). 

Table  II 

Average  Variations  in  Speeds  of  Compressor  “C”  with  Voltage 


SPEED 

SETTING 

1  APPLIED  VOLTAGE 

105  (RPM) 

110  (RPM) 

115  (RPM) 

3 

640 

710 

4 

750 

860 

5 

770 

875 

TEST  DATA 

Specimens  were  prepared  by  various  combinations  of  the  mixing  and  con¬ 
densing  procedures  outlined,  and  the  results  secured  are  shown  in  the  following 
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tables.  Unless  otherwise  noted  the  values  for  crushing  strength  represent 
average  values  for  three  or  more  specimens  reported  to  the  nearest  100  lbs.  per 
square  inch.  Deviations  from  the  averages  were  within  plus  or  minus  3  per 
cent. 


Table  111 

Effect  of  Specimen  Size  on  the  Crushing  Strength  of  Dental  Amalgams 
Specimens  seven  days  old — Compressed  .00:5  inch  per  minute 


SPECIMEN  SIZE 

4x8  MM. 

6  X  12  MM. 

(LBS.  PER 

(LBS.  PER 

ALLOY 

MIX 

CONDENSED  BY: 

SQUARE  INCH) 

SQUARE  INCH) 

2 

Normal 

Hand 

34600 

33700 

3 

Normal 

Hand 

39300 

38500 

4 

Normal 

Hand 

37800 

35300 

Table 

Effect  of  Compression  Rate  on  the  Crushing  Strengths  of  Dental  Amalgams 
Normal  mix — Hand  packed — i  x  8  mm.  specimens — seven  days  old 


ALLOY 

COMPRESSION  RATE 

.003  INCHES  PER 
MINUTE  (LBS.  PER 
SQUARE  INCH) 

.017  INCHES  PER 
MINUTE  (LBS.  PER 
SQUARE  INCH) 

.024  INCHES  PER 
MINUTE, (LBS.  PER 
SQUARE  INCH) 

1 

39500 

49800 

50800 

2 

34600 

39300 

44000 

3 

39300 

44000 

48900 

4 

37800 

45200 

47100 

5 

37200 

43000 

41500 

Table  V 

The  Early  Crushing  Strengths  of  Dental  Amalgams 

Specimens  4x8  mm. — Normal  mix  and  hand  condensation — Compressed  .003  inch 

per  minute 


AGE  OF 

SPECIMEN 

ALLOY 

NO.  1 

ALLOY 

NO.  3 

ALLOY 

NO.  4 

( LBS.  PER 

(PER  CENT 

(LBS.  PER 

(PERCENT 

(UIS.  PER 

(PER  CENT 

.SQUARE 

7-day 

SQUARE 

7-day 

SQUARE 

7-day 

INCH  ) 

STRENGTH) 

INCH) 

STRENGTH) 

inch) 

STRENGTH) 

Minutes 

20 

2200 

6 

2700 

7 

2400 

6 

30 

2800 

7 

2800 

7 

3600 

10 

40 

3700 

9 

4000 

11 

4000 

11 

50 

5300 

13 

4700 

12 

4600 

12 

60 

5900 

15 

5400 

14 

6000 

16 

70 

8800 

22 

5600 

14 

6600 

17 

90 

11600 

29 

7400 

19 

7400 

19 

Hours 

3 

18500 

47 

13000 

33 

13600 

37 

6 

26900 

69 

20600 

52 

18800 

50 

9 

37400 

95 

29200 

74 

27900 

74 

Days 

1 

37100 

94 

32900 

84 

32900 

87 

7 

39500 

100 

39300 

100  • 

37800 

100 
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Table  VI 

Crushing  Strengths  of  Dental  Amalgams 
4x8  Him.  specimens — Seven  days  old — Compressed  .0011  inch  per  minute 


METHOD  OF 
MIXING 

METHOD  OF 

con¬ 

densing 

alloy  no.  1 

(I,BS.  PER 
SQUARE 
INCH) 

ALLOY  NO.  2 
(I,BS.  PER 
SQUARE 
INCH) 

ALLOY  NO.  3 
(LBS.  PER 
SQUARE 
INCH) 

ALIX)Y  NO.  4 
(  LBS.  PER 
SQUARE 
INCH) 

ALLOY  NO.  5 
(LBS.  PER 
SQUARE 
INCH) 

Mortar 

Hand 

40500 

33800 

•40500 

38800 

32600 

Under  mix 

Hand 

40100 

33100 

38400 

39900 

36000 

Normal 

Hand 

39500 

34600 

39300 

37800 

37200 

Over  mix 

Hand 

1  39600 

1  35800 

40900 

38400 

37400 

Normal 

A  Light 

IKQini 

38000 

Normal 

A  Medium 

41400 

39400 

35300 

Normal 

A  Heavy 

40800 

34800 

Normal 

B  1 

35800 

30300 

36600 

33600 

1  28900 

Normal 

B2 

39100 

31600 

39700 

36700 

Normal 

B3 

39500 

31800 

40200 

Normal 

C3 

39500 

35000 

39100 

36000 

Normal 

C4 

41900 

35400 

41900 

38900 

Normal 

C5 

42000 

35600 

40100 

Mortar 

A  Heavy 

— 

32800 

38300 

— 

— 

Mortar 

B3 

— 

32000 

37000 

— 

— 

Mortar 

C5 

— 

31900 

38900 

— 

— 

The  modulus  of  elasticity  was  determined  on  the  amalgam  alloys  studied 
hy  iilaciii"  specimens  4  mm.  in  diameter  and  8  mm.  long  in  the  Olsen  testing 
machine  and  compressing  them  with  the  head  speed  regulated  at  0.003  inch 
jier  minute.  Deformation  of  the  specimens  was  measured  with  a  sensitive  dial 
gage  (0.0001  inch)  attached  to  the  platens.  Strain  was  calculated  over  the 
entire  length  of  the  specimen  and  the  stress  in  pounds  per  square  inch  deter¬ 
mined  on  the  original  cross-section  area  of  the  specimens.  The  testing  procedure 
was  to  apply  a  25-11).  load  (approximately  1250  Ibs./inch)  and  take  a  fiducial 
strain  reading  on  the  gage,  then  take  subsequent  readings  at  50,  100,  150, 
200,  etc.,  pounds  up  to  the  maximum  load  while  the  strain  was  being  applied 
at  a  constant  rate.  It  was  observed  that  a  maximum  load  would  be  reached  and 
the  beam  would  drop,  showing  that  the  specimens  were  fiowing  or  shortening 
at  a  higher  rate  than  the  load  was  being  applied.  By  keeping  the  load  on  the 
si)ecimens  balanced,  it  was  possible  to  cause  them  to  flow  for  considerable  time 
without  visible  fracture,  producing  “beer-keg”  shapes  of  greatly  increased 
diameter  in  the  mid-section  and  with  correspondingly  decreased  length. 

It  is  realized  that  the  recording  of  measurements  of  strain  made  by  ob¬ 
serving  the  change  in  distance  between  the  head  platens  of  the  machine  is  not 
in  accordance  with  the  best  engineering  practices.  It  would  be  better  to  measure 
strain  on  a  gauged  section  some  distance  away  from  the  ends,  but  no  strain 
gauge  was  available  for  compressive  specimens  having  a  total  length  of  8  mm. 
However,  it  was  found  that  moduli  computed  from  a  stress  of  5000  lbs.  per 
square  inch  to  25,000  lbs.  per  square  inch  gave  reproducible  results.  The  in¬ 
dividual  values  for  any  set  of  conditions  used  in  making  the  specimens  can  be 
determined  to  within  10  per  cent.  The  major  error  in  the  determination  is 
caused  by  the  use  of  such  short  gauge  lengths.  The  average  values  for  the 
moduli  of  elasticity  are  given  in  Table  VII.  They  were  calculated  for  all  of 
the  specimens  whost'  crushing  strengths  were  reported  in  Table  VI. 
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Table  VII 

MoDfU's  OF  Eiasticity  of  Dental  Amaixjams 
4x8  nun.  specimens — Seven  days  old — ('onipression  rate  .00.3  inch  per  minute 


ALLOY 

MOOCH'S  OF 

ELASTICITY 

RANGE 

(I.BS.  PER  SQUARE  INCH) 

AVERAGE 

(LBS.  PER  SQUARE  INCH) 

1 

l.<)  to  2.1  X  10-i 

1.8  X  10« 

2 

1.2  to  1.7 

1.4 

3 

1.4  to  2.0 

1.7 

4 

1.4  to  1.8 

1.6 

5 

1.3  to  1.9 

1.7 

DISCUSSION  OF  RF.SULTS 

Specimen  Size. — The  4  x  8-nini.  speeiniens  tested  showed  somewhat  gjreater 
erushinj;  strengths  than  the  6  x  12-mm.  siieeimens.  Under  the  slow  load  ap- 
l>lieation  used,  it  would  appear  that,  for  similarly  jtroportioned  samples,  the 
ultimate  strength  recorded  would  vary  invei'sely  with  the  length  of  the  speci¬ 
mens  rather  than  being  affected  by  relative  cross  sectional  areas. 

Compres.'iion  Hate. — The  head  speeds  used  in  this  study  were  obtained  by 
applying  an  auxiliary  slow  speed  drive  to  an  Olsen  testing  machine  used  wdth  a 
1000-pound  range.  The  crushing  strengths  noted  varied  materially  with  the 
compression  rate  which,  for  the  short  samples  studied,  approximated  closely 
the  shortening  of  the  specimens  under  load. 

The  .003-inch-])er-minute  compression  rate  was  slow  enough  to  make  it 
possible  to  correlate  head  travel  and  load  and  so  plot  reproducible  stress  strain 
diagrams  and  determine  with  reasonable  accuracy  the  modulus  of  elasticity  of 
the  specimens  tested.  Specimens  showed  a  maximum  resistance  of  stress  fol¬ 
lowed  by  plastic  flow  at  stresses  lower  than  the  maximum  without  showing 
fracture. 

Typical  stress  strain  curves  are  shown  in  Fig.  2.  It  will  be  noted  that  the 
point  at  which  the  elastic  characteristics  of  the  material  are  lost  and  plastic 
flow  begins  is  well  defined  in  the  cross  sectional  stress-strain  diagram  (Curve  A) 
and  accentuated  in  Curve  B  by  plotting  stress  against  rate  of  deformation. 

Higher  loading  rates  made  it  impossible  to  correlate  load  and  head  speeds. 
It  was  evident  that  the  load  applications  were  so  rapid  that  the  specimens  could 
not  flow  as  they  did  at  the  lower  speed.  The  higher  the  speed,  the  greater  was 
the  tendency  of  the  specimens  to  crack  with  explosive  violence.  It  would  appear 
that  unstated  or,  perhaps,  undetermined  loading  rates  might  well  explain  the 
variations  in  crushing  strengths  of  the  same  alloys  as  reported  by  various 
manufacturers  and  investigators. 

The  .003-inch-i)er-minute  head  speed  gave  average  crushing  strength 
values  15  per  cent  lower  than  those  by  the  0.017-inch  speed  and  19.5  per  cent 
lower  than  the  .024-inch  speed.  It  is  felt  that  the  values  obtained  at  the  low 
speed  would  be  far  more  indicative  of  the  practical  behavior  of  amalgams  in 
dental  service  than  those  obtained  from  tests  at  higher  or  undefined  head  speeds, 
as  they  make  possible  the  determination  of  the  elastic  characteristics  of  the 
amalgam. 
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Early  Crushing  Strengths. — The  early  erushin};  strenjjths  of  dental  amal- 
jiams  are  of  prime  importance  as  the  early  development  of  high  crushing 
strength  serves  to  minimize  the  possibility  of  the  destruction  of  amalgam  res¬ 
torations  through  the  premature  application  of  load. 

The  series  of  specimens  of  Alloys  Nos.  1,  3,  and  4  were  tested  at  ten-minute 
intervals  from  20  to  70  minutes,  at  90  minutes,  at  3,  6,  and  9  hours,  and  at  1 
day  and  7  days  after  trituration  was  l)egun.  The  data  .secured  are  given  in 
Table  V  in  the  columns,  “Pounds  per  Square  Inch”  and  “Per  Cent  of  the  Seven- 
Day  Strength,”  the  latter  figure  being  of,  perhaps,  greater  general  usefulness, 
as  it  gives  the  dentist  a  relative  idea  of  how  long  the  patient  should  wait  before 
masticating  on  the  amalgam  restoration. 

The  data  on  early  strength  are  plotted  against  the  age  of  the  specimens 
in  hMg.  3.  The  data  on  the  percentage  of  seven-day  strengths  related  to  specified 
time  intervals  are  shown  in  Fig.  4. 


STRAW  W  INCHES  /  INCH  X  10*  (CURVE  A) 

Fis.  2. 

The  three  alloys  (Nos.  1,  3,  and  4)  showed  average  increa.ses  in  crushing 
strengths  of  98,  90,  and  100  pounds  per  .s(iuare  inch  i)er  minute  for  the  first 
hour,  setting  up  uniformly  but  slowly.  In  the  next  thirty-minute  period.  Alloy 
No.  1  showed  a  greater  increase  of  strength  than  the  others,  the  increases  being 
respectively  190,  66,  and  80  Ihs.  per  square  inch  per  minute.  From  ninety 
minutes  the  rates  of  increase  in  .strengths  were  74,  62,  and  69  on  the  same  basis. 
The.se  results  indicate  that  Alloy  No.  1  would  have  an  advantageous  early 
strength  in  restorations  subject  to  early  stress. 

In  general,  the.se  tests  for  early  crashing  strength,  though  on  only  three 
alloys,  appear  to  indicate  that:  (1)  Mastication  stres.ses  of  any  sensible  magni¬ 
tude  applied  in  less  than  one  hour  are  dangerous  to  the  success  of  amalgam 
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restoration.s  as  less  than  one  filth  of  the  maximum  strength  has  been  attained. 

(2)  Six  hours  or  more  should  elapse  between  i)acking  and  the  application  of 
stress  to  amalgams  to  provide  at  least  50  per  cent  of  the  maximum  strength. 

(3)  After  nine  hours  some  high  grade  amalgams  will  withstand  all  normal 
stresses  while  others  may  require  twenty-four  hours  before  their  crushing 
strengths  are  entirely  adequate. 

It  should  be  remembered  that  the  data  reviewed  were  obtained  at  room 
temperatures  and  that  amalgams  under  mouth  conditions  might  logically  be 
expected  to  have  both  a  somewhat  faster  rate  of  set  and  a  lower  maximum 
resistance  to  compression  stresses. 


AGE  OF  SPECIMENS 
Fig.  3. 


These  data  are  also  of  ])articular  interest  in  that  they  seem  to  correlate 
well  with  results  obtained  from  the  American  Dental  Association  Specification 
No.  1  Flow  Test.  Flow  values  for  the  alloys  studied  showed  that  under  a 
variety  of  conditions  the  average  flow  of  Alloy  No.  1  was  1.7  per  cent,  that  of 
Alloy  No.  3  was  3.2  per  cent,  while  that  of  Alloy  No.  4  was  5.9  per  cent.  The 
values  for  this  last  alloy  were  over  the  upper  penulssible  limit  of  4  i)er  cent. 

Alloy  No.  1  showed  relatively  high  crushing  strength  at  the  end  of  three 
hours,  and  this  undoubtedly  explains  its  low  flow  value.  Alloys  Nos.  3  and  4 
have  about  eciuivalent  .strengths  at  the  end  of  three  hours,  but  the  strength  of 
Alloy  No.  3  increases  more  rai)idly  during  the  following  six  hoiu-s  and  evidently 
results  in  a  lower  flow  value. 

Crushing  tests  at  low  speed  can  be  carried  out  at  intervals  of  approximately 
ten  minutes.  It  would  appear  that  such  a  test  carried  out  at  the  end  of  a  six- 
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hour  period  might  well  be  considered  as  a  sulxstitute  for  the  i)resent  si)ecification 
test  for  flow,  which  has  the  disadvantages  of  requiring  a  separate  testing  in¬ 
strument  for  each  sample,  and  in  addition,  a  twenty-four  hour  period  for  com¬ 
pletion  of  the  test.  Therefore,  the  method  suggested  would  deflnitely  facilitate 
the  testing  of  large  numbers  of  alloys  as  several  samples  could  be  tested  daily 
on  a  single  machine. 

Seven-day  Compression  Tests. — Tests  were  made  to  detennine  the  effects 
of  several  methods  of  mixing  and  condensing  amalgams  on  their  crushing 
strengths. 

Mechanical  amalgamators  are  seldom,  if  ever,  sold  wdth  adequate  instruc¬ 
tions  for  mixing  current  amalgam  alloys.  This  renders  their  use  in  practice 
dangerous  unless  careful  consideration  is  given  to  their  proper  control.  In 
general  it  appears  that  users  are  not  familiar  with  the  wide  variations  in  the 
amalgamating  time  of  current  alloys  nor  of  the  variable  characteristics  of  the 
amalgamators,  and  so  normal  and  undermixing  and  overmixing  by  mechanical 
means  w'ere  included  in  this  study. 


Current  increased  interest  in  mechanical  condensors  was  the  basis  for  the 
inclusion  of  these  instruments  in  the  investigation  and  those  selected  for  study 
covered  the  available  mechanical  types.  This  type  of  instrument  has  most  often 
been  sold  on  the  basis  of  generalized  claims  unsupported  by  data  on  its  effects 
upon  the  properties  of  amalgams,  but  emphasizing  the  convenience  of  its  use. 
There  has  also  been  a  marked  tendency  to  stress  mercury  removal  without  con¬ 
sideration  of  its  possible  detrimental  effects  upon  the  expansion  of  amalgams. 

It  is  obvious  that  Imth  types  of  instruments  may  have  practical  advantages 
for  use  in  dental  practice  which  laboratory  tests  do  not  take  into  consideration. 
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As  the  data  reported  here  were  secured  strictly  on  a  lal)oratory  basis,  no  attempt 
has  been  made  to  evaluate  the  possible  convenience  values  of  either  amalgamators 
or  condensors. 

Careful  consideration  of  the  data  secured  on  the  effects  of  variations  in 
mixing  and  condensation  indicates  that  an  operator  may  expect  no  great  im- 
jirovements  in  the  strength  of  his  amalgam  restorations  as  the  result  of  his  use 
of  mechanical  devices  and  that,  conversely,  if  the  instruments  are  improperly 
controlled,  he  may  expect  inferior  results. 

There  appeared  to  be  one  set  of  operating  conditions  for  each  condensor 
which  gave  best  results.  Condensor  A  gave  poor  and  erratic  results  at  low 
pressures  and  its  most  consistent  results  when  operated  at  intermediate  pre.s- 
sures.  Conden.sor  B  gave  very  jwor  results  at  slow  speeds  and  less  satisfactory 
results  than  the  other  instruments  when  operated  at  higher  speeds  although  its 
performance  showed  some  improvement.  Most  consistent  results  were  obtained 
with  Condensor  C  oi)erated  at  its  highest  speed,  but  then  only  after  sufficient 
wann-up  time  was  allowed  for  its  speed  to  become  stabilized. 


Visual  observation  of  the  hundreds  of  specimens  included  in  this  study 
warrant  an  opinion  that  mortar-mixed  alloys,  having  been  exposed  to  the 
l)enetration  of  mercury  for  longer  periods,  have  somewhat  better  packing  char¬ 
acteristics  than  mechanically  triturated  materials.  This  was  borne  out  by  an 
apparent  greater  uniformity  of  mortar-mixed  samples  as  shown  by  the  data  on 
individual  alloys,  but  these  better  packing  characteristics  were  not  directly 
associated  with  greater  strengths. 

Visual  observation  of  the  specimens  packed  by  mechanical  means  indicate 
a  greater  tendency  toward  lamination  with  resultant  possibilities  of  separation 
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of  layers  under  light  stress  espeeially  in  the  time  intervals  just  following  pack¬ 
ing.  This  was  particularly  true  if  the  specimens  were  dried  out  by  the  removal 
of  mercury  from  each  addition  of  alloy  to  a  point  where  the  surfaces  showed  no 
free  mercury. 

Typical  average  stress-strain  curves  for  the  five  alloys  studied  are  shown  in 
Fig.  5. 

Modulus  of  Elasticity. — The  modulus  of  elasticity  as  determined  by  the 
tests  described  gave  average  values  of  1.6  ±0.2  million  pounds  per  square  inch 
for  the  five  alloys  tested.  The  method  of  preparation  of  the  specimens  had  some 
effect  on  the  value  of  the  modulus.  The  higher  the  ultimate  compressive  strength, 
in  general  the  higher  the  modulus  value.  This  did  not  seem  to  hold  for  all  the 
individual  combinations  of  specimen  i)reparations  and  ])ossibly  is  connected  with 
the  amount  of  mercury  left  in  the  test  specimen. 

The  fact  that  the  modulus  of  elasticity  of  amalgam  alloys  is  low  may  be  an 
important  cause  of  failure  in  service.  The  following  list  of  moduli  of  elasticity 
of  a  few  common  materials  will  show  how  this  property  of  amalgams  compares 
with  those  of  other  materials.  It  should  be  observed  that  the  modulus  of 
amalgam  appears  very  low  in  comparison  with  its  ultimate  compressive  strength 
and  high  deformation  per  unit  stress  must  be  expected. 


Table  VIII 


MATERIAL 

MODULUS  OF  ELASTICITY 
(LBS.  HER  .SQI^ARE  INCH) 

("opper 

16.0  X  106 

Dental  Casting  Gold 

14.0 

Aluminum 

11.3 

Gold 

11.3 

Magnesium 

6.2 

I^d 

2.6 

Amalgam  (Dental) 

1.6 

Poly-Metlivl  Methacrylate 

0.4 

The  modulus  of  elasticity  is  an  index  to  the  stiffness  of  a  structural  mate¬ 
rial  so  it  would  be  expected  that  any  thin  edge  in  an  amalgam  filling  would  be 
very  susceptible  to  breaking  or  chipping.  It  should  be  pointed  out  that  the 
cavity  preparation  for  amalgam  should  be  such  that  all  very  thin  sections  which 
may  be  subjected  to  stress  should  be  eliminated.  Amalgam  will  not  absorb  much 
energy  quickly  without  fracture,  but  the  slow  application  of  relatively  high 
loads  will  not  cause  fracture  although  ])ermanent  deformation  must  be  expected. 
It  would  seem  desirable  to  investigate  the  relation  of  this  property  to  clinical 
u.se. 

The  stress-strain  diagrams  and  data  obtained  from  the  various  crushing 
strength  tests  were  considered  to  decide  whether  it  was  feasible  to  attempt  the 
determination  of  proportional  limits  of  amalgams.  The  shapes  of  the  curves 
indicated  that  the  accurate  determination  of  this  property  would  be  difficult 
because  of  the  gradually  increasing  rates  of  strain  to  strcvss.  However,  propor¬ 
tional  limits  were  estimated  by  observing  the  stress  neces.sary  to  increase  the 
strain  increment  per  unit  of  stress  to  1.25  times  that  of  its  average  value  between 
5,000  and  25,000  pounds  per  square  inch. 
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The  observed  values  were  f?enerally  between  70  and  80  per  cent  of  the 
ultimate  compressive  strengths.  The  inherent  flow  of  amalgams,  especially 
under  high  stress,  affects  the  values  of  proportional  limit,  and  it  is  felt  that  they 
do  not  serve  as  a  reliable  index  of  the  serviceability  of  the  alloys. 

CONCLUSIONS 

The  conclusions  which  ajipear  logical  from  consideration  of  the  data  secured 
in  this  study  and  of  the  re(|uirements  of  dental  amalgams  in  service  are: 

1.  Crushing  strengths  of  dental  amalgams  should  be  determined  on  speci¬ 
mens  made  from  mixes  approximating  in  size  those  commonly  made  by  dentists. 
Approximately  12  grains  of  alloy  and  an  appropriate  amount  of  mercury  will 
provide  sufficient  material  to  pack  a  4  x  8-mm.  test  cylinder. 

2.  The  smaller  4  x  8-mm.  specimens  used  gave  a  2  to  7  per  cent  increase 
in  crushing  strength  over  that  of  the  fl  x  12-mm.  cylinders  used  by  previous 
investigators  when  prepared  and  tested  under  the  same  conditions. 

3.  The  compression  rate  should  be  given  in  reporting  crushing  strengths 
of  dental  amalgams  to  permit  reproduction  of  test  data.  It  appears  that  such 

/  speeds  should  be  standardized  at  approximately  0.003  inch  per  minute  to 
determine  both  the  elastic  and  plastic  properties  of  amalgams. 

4.  The  early  strengths  of  amalgams  are  so  low  that  no  stress  should  be 
applied  to  a  restoration  less  than  an  hour  old,  and  any  mastication  of  food  on 
occlusal  amalgam  restorations  less  than  six  hours  old  may  be  expected  to  cause 
damage. 

5.  The  compressive  strengths  of  the  five  alloys  studied  were  determined 
under  thirteen  different  combinations  of  mixing  and  packing  procedures.  The 
variations  in  crushing  strengths  among  these  alloys  were  greater  than  those 
produced  in  the  individual  amalgams  by  varying  technics. 

6.  The  wide  variation  iii  the  rates  of  amalgamation  of  the  current  amalgam 
alloys  under  mechanical  trituration  indicates  that  the  user  of  such  mechanical 
devices  needs  exact  directions  for  mixing  of  the  specific  alloy  used  if  he  is  to 
avoid  all  possibility  of  unsatisfactory'  physical  properties  in  finished  restorations. 

7.  Laboratory  data  indicated  no  significant  improvement  in  the  crushing 
strengths  of  amalgams  as  the  result  of  mechanical  rather  than  hand  condensa¬ 
tion.  As  previously  mentioned,  convenience  may  be  a  factor  deserving  of  con¬ 
sideration  from  the  clinical  viewpoint. 

8.  The  moduli  of  elasticity  of  the  five  amalgam  alloys  studied  were  within 
the  range  1.2  to  2.1  x  10^  pounds  per  square  inch.  The  average  modulus  for  the 
alloys  studied  was  1.6  x  10*^  jiounds  per  square  inch.  This  value  is  very  low  in 
comparison  to  those  of  the  other  alloys  used  as  restorative  dental  materials.  The 
clinical  significance  of  this  jiroperty  warrants  further  study. 

9.  The  proportional  limits  of  the  amalgams  studied  varied  with  mixing  and 
condensing  technics  but  fell  within  a  range  from  70  to  80  per  cent  of  the  crush¬ 
ing  strengths  observed  when  taken  to  be  that  stress  at  which  the  unit  of  deforma¬ 
tion  per  unit  stress  exceeds  the  average  value  found  in  the  range  5,000  to  25,000 
pounds  per  square  inch  by  more  than  25  per  cent. 
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10.  An  early  compressive  strength  test  appears  to  be  a  significant  and  ac¬ 
ceptable  substitute  for  the  present  specification  test  for  flow. 

11.  Compression  testing  of  amalgam  in  the  dental  materials  field  has  re¬ 
sulted  in  a  dispersion  of  values  because  of  the  difference  in  the  size  of  specimens 
and  the  types  of  testing  machines  used.  In  order  to  confine  these  varying  condi¬ 
tions  of  test  it  would  seem  feasible  to  prescribe  the  rate  of  loading,  expressed  in 
I)ounds  per  square  inch  per  minute,  to  which  the  specimen  luus  been  subjected. 
I'sing  these  units  for  rate  of  loading  it  would  not  be  necessary  to  imagine  what 
the  effect  on  strength  would  be,  of  the  length,  or  the  area  of  the  specimen;  or 
whether  the  specimen  was  loaded  at  .so  many  pounds  per  minute  or  .so  many 
inches  per  minute.  Rate  of  loading  in  pounds  per  square  inch  i)er  minute 
virtually  absorbs  all  these  variables.  On  this  basis.  Table  IX  was  computed  for 
the  results  outlined  in  this  paper  using  data  on  Alloy  No.  4. 


Taki.e  IX 


SPECIMEN  SIZE 
(MM.) 

HEAD  SPEED  TRAVEL 
(INCH  PER  MINl'TE) 

LOADING  RATE 
(LB.S.  PER  .SQI  ARE 
INCH  PER  MINCTE) 

STRENGTH 
(LBS.  PER  SQUARE 
INCH) 

6  X  12 

0.003 

9,540 

35,300 

4x8 

.003 

15,250 

37,800 

4x8 

.017 

86,300 

45,200 

4x8 

.024 

122,000 

47,100 
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SOME  BIOLO(4ICAL  CHARACTERISTICS  OF  THE  PATHOOENIC 
FUNGI  NAMED  PARACOCCIDIOIDES  BRASILIENSIS  AND 
PARACOCCIDIOIDES  CEREBRIFORMIS 

RICARDO  C.  ARTAGAVEYTIA-ALLENDE 
Instituto  de  Higiene  de  Montevideo,  Uruguay 

WE  are  interested  in  the  agents  of  the  South  American  blastomycosis  because 
four  eases  were  diagnosed  in  Uruguay  by  Cancela,^’  ®  and  because  the 
infection  may  begin  as  a  dental  apical  process.® 

South  American  blastomycosis  has  been  diagnosed  in  Brazil,  Argentina, 
Paraguay,  Venezuela,  Peru,  and  Uruguay.  The  infection  is  especially  common 
in  some  areas  of  Brazil,  in  the  states  of  Sao  Pablo  and  Minas  Geraes. 

The  clinical  type  of  infection  depends*  on  the  way  the  fungus  enters  the 
l)ody:  (1)  cutaneous  and  mucosal  lesions;  (2)  enlargement  of  the  lymph  nodes, 
especially  those  of  the  neck  which  produce  the  lymphatic  type;  (3)  visceral 
forms,  and  (4)  mixed  types. 

The  disease  usually  begins  on  the  mucosal  surface  of  the  oral  and  nasal 
cavities,  or  on  .some  area  of  the  skin  next  to  the  oral  or  nasal  orifices  as  papules 
and  ulcerations.  These  are  accompanied  by  regional  lymph  node  enlargement. 
The  infectious  process  invades  the  oral  cavity  insidiously,  sometimes  involving 
the  larynx.  The  infection  is  more  or  le.ss  rapid.  Death  may  occur  within  two 
or  three  months,  but  usually  the  patient  lives  for  three  or  more  years.  Lesions 
are  painful,  granulomatous,  productive,  and  pyogenic.  The  patient  usually 
dies  in  cachexia. 

The  portal  of  entry  in  some  cases  is  not  apparent  and  massive  cervical  lymph 
node  enlargement  may  be  the  first  or  e.ssential  clinical  feature.  It  is  presumed 
in  thi.s  case  that  the  organism  enters  the  body  through  the  tonsils  although  no 
lesions  are  seen.  Bogliolo®  studied  a  fatal  case  and  found  typical  parasitic  forms 
of  the  fungus  Paracoccidioides  brasiUensis  in  a  granulomatous  apical  process  on 
a  carious  molar.  The  fungus  seems  to  have  entered  through  the  root  canal  of 
the  carious  molar. 

The  disease  as  well  as  the  agents  has  been  given  dift'erent  names  by  differ¬ 
ent  authors.  We  have  used  the  more  generally  accepted  terminology. 

The  causative  agent  of  the  disease. — Three  species  have  been  isolated  from 
cases  of  South  American  blastomycosis:  ParacocHdioides  brasiUensis  (Splen- 
dore)  Almeida;  Paracoccidioides  cerebriformis  Moore;  and  Paracoccidioides 
Tenuis  Moore.  We  could  not  obtain  a  strain  of  P.  tenuis  but  its  morphology  is 
apparently  no  different  from  P.  brasiUensis. 

Several  strains  of  P.  bra^liensis  have  been  studied,  including  the  strain 
number  630  obtained  from  Moore.  One  strain  obtained  from  Moore,  P.  cerebri¬ 
formis,  was  assayed. 

Received  for  publication,  September  28,  1948. 
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Morphologic  and  biologic  studies  were  made.  The  niori)holosy  was  observed 
on  filucose  peptone  agar  (Sahouraud’s),  on  broth  agar,  on  Krainsky’s  medium, 
and  in  glucose  peptone  broth. 

The  utilization  of  nitrogenous  eompounds  and  different  sugars  was  studied. 
For  the  first  we  used  the  following  basal  medium :  imtassium  dihydrogen  phos- 
fate,  1  gm.;  magnesium  sulfate,  0.5  gm.;  pota.ssium  chloride,  0.5  gm. ;  ferrous 
sulfate,  0.01  gm. ;  glucose,  30  gm.;  glycerin,  50  gm.;  agar,  20  gm.;  and  water, 
1,000  cubic  centimeters. 

Eight  cubic  centimeters  of  the  medium  were  poured  into  a.s.say  tulws  and 
slanted.  After  solidification,  20  drops  of  solution  containing  different  nitroge¬ 
nous  compounds  were  added  on  the  surface  of  the  agar  of  each  slant.  The  solu¬ 
tions  were :  Difco  bactopeptone,  10  per  cent ;  urea,  2  per  cent ;  asparagine,  2  per 
cent;  sodium  nitrate,  1  per  cent;  and  ammonium  sulphate,  2  per  eent.  To  an¬ 
other  tube  (eontrol),  20  drops  of  distilled  water  were  added. 


Fig.  1. — Paracoccidtoidea  brasilienaia  Auxanogram  of  nitrogenous  compounds. 


The  utilization  of  different  sugars  (glucose,  maltose,  sucrose,  lactose,  and 
galactose)  was  studied  in  a  ba.sal  medium  similar  to  that  of  Krainsky  but  without 
the  glucose.  To  the  basal  medium  20  drops  of  10  per  cent  solution  of  the  sugars 
were  added.  To  some  tubes  (control)  20  drops  of  distilled  water  were  added. 
We  noted  with  one  cross  (+)  scant  growth  in  the  control  tube  and  with  three 
cros.ses  (-(-H-)  maximum  growth. 

Proteolytic  action  was  studied  on  milk,  gelatin,  and  Loffler  medium.  The 
hydrolysis  of  starch  and  the  catalysis  were  studied  by  the  usual  methods. 
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Our  resuks  are  shown  in  the  tables.  The  differences  between  P.  hrasiliensis 
and  P,  cerehrifonnis  appear  quite  clearly  when  the  utilization  of  the  nitrogenous 
compounds  and  sugars  is  considered.  The  optimal  temperature  of  P.  hrasiliensis, 
moreover,  is  near  37°  C.  while  that  of  P.  cerehriformis  is  very  low,  25°  Centi- 


Fig.  3. — Paracoccidioides  cerebriformis  Auxanogram  of  sugars! 
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We  have  inoculated  guinea  pigs  intratestieularly  with  both  species. 
hrasiliensis  is  pathogenic  while  P.  cerehriformis  is  not  pathogenic. 


Fig.  4. — Paracoccidioides  cerebriformia.  Growth  in  liquid  medium  X  800  d. 

Table  I 
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MICROSCOPIC  ASPECT 


P.  brasiliensis  P.  cerebrifo,  m%a 

Hyphae:  thin,  long,  branehed.  From  1  to  1.6  Byphae :  thin  or  thick,  globulose,  branched, 
microns  broad.  With  characteristics  similar  to  those  of 

artrospored.  From  2  to  7  microns  broad. 

Chlamydospores :  Chlamydospores : 

Terminal:  thick,  round;  sometimes  with  a  hyalin  Terminal  or  intercalar  from  12  to  16  microns 
capsule;  at  first  on  a  spatuliform  and  pyri-  in  diameter  and  something  more  in  occa- 
form  shape.  From  2.4  x  4  to  6  x  10  microns,  sions. 

Intercalar:  round,  from  4  to  9  microns  and  oval 
from  6  X  10  to  9  X  15  microns  in  diameter. 

Lateral:  of  very  different  shape.  _ 


MACROSCOPIC  AND  CULTURE  CHARACTERLSTICS 


Optimal  temperature  37°  C. 

On  Sabouraud’s  medium:  cottony  colonies  of  a 
white  color;  clear  medium. 

On  agar  agar:  small  dark  colony  with  a  white 
aerial  mycellium.  There  is  always  a  deep 
mycellium.  Circular  or  oval  shape.  Ward. 
Reverse  of  the  colony:  dark  color. 

On  Sabouraud’s  agar  with  glucose  at  4%:  good 
growth  of  dry  and  crusty  colonies  of  a  pow¬ 
dery  aspect.  White  aerial  mycellium.  There 
also  exists  deep  mycellium.  The  reverse  of  the 
colony  is  darker  in  the  center  than  in  the 
liorders.  Slight  pigmentation  of  the  medium. 

On  Krainsky’s  medium:  the  same  aspect  as  when 
Salxmraud’s  agar  is  used  but  with  a  greater 
quantity  of  the  mycellium.  Dark  reverse. 

General  aspect:  colonies  with  aerial  mycellium. 

Velocity  of  growth:  very  slow  showing  some 
diflficulty. 


Optimal  temperature  25°  C. 

On  Sabouraud’g  medium:  grumous  sediment, 
clear  medium. 

On  agar  agar:  gray  colony,  mat,  cerebri- 
form  and  of  a  small  size.  Reverse  of 
the  colony:  ochreous  color. 

On  Sabouraud’s  agar:  with  glucose  at  4^r : 
mat  colony  of  a  white  color  and  of  a 
cerebriform  aspect.  In  some  occasions 
small  colonies  with  aerial  mycellium  are 
seen. 

On  Krainsky’s  medium:  the  same  aspect  as 
when  Sabouraud ’s  medium  is  used  but 
with  a  poor  growth. 

General  aspect:  colonies  without  aerial  my¬ 
cellium  and  of  a  cerebriform  aspect. 

Velocity  of  growth:  relatively  easy  and 
rapid. _ 
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SUMMARY 

P.  hrasiliensis  and  P.  cerebriformis  are  different  species  which  may  be  easily 
distinguished  by  studying  the  utilization  of  some  common  nitrogenous  compounds 
and  sugars.  The  first  is  pathogenic  for  guinea  pigs  while  the  second  showed  no 
])athogenic  action. 


Fig.  5. — Paracoccidioides  brasilienais.  Growth  in  liquid  medium  X  800  d. 

(Photographs  by  Mr.  Marcos  Santa  Rosa  from  Seccion  Fotot^nica  del  Institute  de 
Higiene.) 


P.  tenuis  could  not  be  studied,  but  its  .small  morphological  differences  do  not 
allow  us  to  distinguish  it  from  P.  hrasiliensis. 

The  importance  of  the  disease  for  odontologists  is  emphasized.  Bogliolo^ 
observed  in  one  case  that  dental  caries  and  apical  processes  may  be  the  portal  of 
entry  of  the  organism  into  the  human  body,  thus  producing  a  very  grave,  pain¬ 
ful,  and  long  systemic  disease. 
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CARIES  INCIDENCE  REDUCTION  BY  UNSUPERVISED  USE  OF 
27.5  PER  CENT  AMMONIU.AI  THERAPY  DENTIFRICE* 


CHKSTKR  .T,  HKXSCHEL,  D.D.S.,  AND  LEON  LIEBER,  D.M.D. 

New  Yorlc,  X.  Y. 

Experimenting  with  various  combinations  and  concentrations  of  am¬ 
monia-producing  substances,  Grove  and  Grove, ^  Kesel,  O’Donnell,  Kirch, 
and  Wach*  have  elaimed  to  reduce  the  salivary  Lactohacillus  acidophilus  count 
of  caries-susceptible  individuals  and  Henscheh’  has  claimed  to  reduce  caries 
susceptibility.  Wach,  O’Donnell,  and  Mine*  demonstrated  a  reduction  in  total 
titratahle  acidity  in  the  mouth  with  quinine  and  urea;  Stephan®  and  Muntz  and 
Miller®  have  shown  the  ability  of  a  highly  concentrated  urea  solution  (40  to  50 
per  cent)  markedly  to  inhibit  production  of  acid  by  microorganisms  in  dental 
plaques.  Stephan  and  ^lilleU  reported  one  group  of  eighteen  patients,  including 
controls,  wherein  an  actual  caries  count  was  made  in  the  mouths  of  the  test 
individuals.  This  is  admittedly  too  .small  a  group  to  be  conclusive,  but  it  was 
clinical  rather  than  laboratory  evidence. 

On  the  other  hand,  we  have  been  reluctant  to  reveal  prematurely  what 
seemed  clinical  efficacy  or  lactohacillus  reduction,  since  the  latter  especially  has 
been  so  well  reported  elsewhere.  It  may  be  noted  that  some  authorities  dispute 
the  consistent  and  dependable  relationship  between  the  lactohacillus  count  and 
caries  ineidence.®  Our  report  was  delayed,  until  by  clinical  and  radiographic 
examination  over  enough  years,  sufficient  tangible  effect  upon  actual  caries' 
could  be  noted. 

Grove  and  Grove®’ employed  ammonium  hydroxide  and  spoke  of  “am¬ 
monia”  solution  and  “ammonia  content  of  the  saliva.”  Kesel,  O’Donnell,  Kirch, 
and  Wach^  spoke  of  “ammonia”  and  “ammonia  nitrogen”  and  showed  that  it 
is  not  simply  alkalinity  but  “ammonia  nitrogen”  which  produces  the  inhibitory 
effect.  In  addition  to  the  apparent  important  denaturing  action  of  urea,  the 
ammonium  ion,  or  (NH^)*  radical  seems  to  be  the  effective  agent  in  the  buffering 
mechanism  and  for  the  sake  of  accuracy,  “ammonium  ion”  was  used  in  this 
connection  by  Henschel.® 

CLINIC.VL  DATA 

The  dental  histories  of  220  carefully  ob.served  private  patients  were  tabulated 
and  analyzed.  The  histories  chosen  were  those  of  patients  who  had  presented 
themselves  regularly  for  examination  and  treatment  over  a  sufficiently  long 
period  of  time  for  the  purposes  of  this  study,  and  where  habits  of  regular  home 

Presented  before  the  New  York  Section,  International  -Association  of  Dental  Research, 
October  28,  1948. 

Received  for  publication  November  30,  1948,  revised  by  authors  April  2,  1948. 

•Research  under  auspices  of  Eastern  Graduate  Research  Foundation. 
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care  with  regard  to  dentifrices  were  known.  Otherwise  the  histories  were  un¬ 
selected.  Those  patients  to  whom  a  27.5  per  cent  active  ingredient  ammonium 
therai\v  dentifrice*  was  prescribed  were  briefed  on  the  efficacy  and  technic  of 
use  for  maximum  etfeet  in  caries  control.  Thereafter  they  were  checked  reg¬ 
ularly  for  continued  use  of  the  dentifrice  but  no  direct  effort  was  made  to 
supervise  home  care.  The  children  used  the  dentifrice  in  their  own  fashion. 

The  individuals,  44  per  cent  male  and  56  per  cent  female,  fell  into  four 
groups : 

I.  Test  Group]  (Table  I) 

One  hundred  consecutive  cases,  36  males,  64  females,  average  total  observa¬ 
tion  i>eriod  10.7  years;  average  present  age  37.5;  average  of  3.8  teeth  missing 
from  full  complement.  The  pre-test  period  averaged  7.8  years  during  which 
the  usual  cosmetic  dentifrices  were  used.  This  autocontrol  period  showed  an 
average  l).AI.F./yr.  of  2.39.  This  same  group,  during  the  following  average  of 
34.3  months,  using  the  27.5  per  cent  active  ingredient  ammonium  therapy  den¬ 
tifrice,  showed  an  average  l).M.F./yr.  of  1.55,  a  reduction  of  35.2  per  cent  com- 
])ared  with  the  autocontrol  period ;  a  reduction  of  37.5  per  cent  compared  with 
the  control  group,  test  period.  The  l).^I.F./yr.  increased  in  18  cases  and 
decreased  in  82  cases. 

II.  ('out rot  Group]  (Table  II) 

Fifty  con.secutive  cases,  16  males  and  34  females,  average  present  age  36.1 ; 
average  of  5.5  teeth  missing  from  full  complement.  The  average  over-all  ob¬ 
servation  period  of  12  years  was  arbitrarily  divided  into  a  test  period  of  the 
last  three  years  (or  that  period  nearest  to  36  months  for  which  examination  data 
were  recorded)  and  a  pre-test  period  averaging  9  years.  The  D.M.F./j'r.  was 
2.48  and  2.31  respectively,  an  increase  of  7.3  per  cent  of  test  over  pre-test  period. 
The  usual  cosmetic  dentifrices  were  used  throughout  both  periods.  The 
I).!M.F./yr.  increased  in  25  cases  and  decreased  in  25  eases. 

Parenthetically  it  is  to  lie  noted  that  case  #N120  showing  the  abnormally 
high  per  cent  increase  of  373  for  a  total  of  only  13  D.]M.F.  in  a  total  of  15.5 
years,  if  omitted,  drops  the  average  for  the  group  to  plus  5.1  per  cent,  which 
can  be  considered  statistically  unimportant. 

III.  Test  Group  Hequiring  Extensive  HehuhUitution]  (Table  III) 

Consisted  of  thirty  consecutive  histories  of  patients  requiring  extensive 
operative  and  mouth  rehabilitation,  which  treatment  was  completed.  Forty- 
three  per  cent  male,  57  i)er  cent  female,  average  present  age  34.9;  average  of 


’Carbamide  22.5 

Dibasic  amiDoniiim  pho.sphate  5.0 

Bentonite  5.0 

Calcium  carbonate  pptd.  63.2 

Sodium  lauryl  sulphoacetate  3.0 

Saccharin  sodium  .3 

Volatile  oils  1.0 


100.0 

tAll  calculations  in  all  groups  were  made  from  permanent  office  records  based  upon  flled 
periodic  full  series  and  yearly  bitewing  radiographs. 
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5.8  teeth  missiiip:  from  full  complement.  In  the  period  averaging  27.3  months 
subsequent  to  comi)letion  of  treatment  during  which  a  27.5  per  cent  active 
ingredient  ammonium  therapy  dentifrice  was  used,  the  l).M.F./yr.  was  1.00 
(including  silicate  replacements),  well  below  the  1.55  of  the  test  group,  test 
period.  This  C.M.R.  group  was  not  incorporated  into  the  test  group  of  100 
since  for  ol)viou.s  reasons  it  would  have  unduly  influenced  the  final  figure. 

IV.  Test  GrouiJ  of  Children*  {T‘dh\e  111) 

Forty  consecutive  cases  of  children,  average  age  0.8  years ;  60  per  cent  male, 
40  )ier  cent  female;  using  the  27.5  per  cent  ammonium  therapy  dentifrice  in 
their  own  fashion  for  an  average  of  27.7  months.  The  D.il.P./yr.  is  1.72.  (This 
figure  includes  deciduous  teeth,  hut  does  not  include  loss  or  extraction  for  causes 
other  than  caries.)  Although  not  calculated  against  a  similar  control  group, 
it  is  not  abnormal,  l)eing  slightly  above  the  1.55  of  the  test  group  and  well  below 
the  2.48  of  the  control  group. 


DISCl^SSIOX 

IlenscheF  originally  experimented  with  formulas  with  as  high  a  concentra¬ 
tion  as  66  per  cent  carbamide.  The  present  formula  was  evolved  as  having  the 
highest  content  of  active  ingredients  which  under  average  home  use  caused  no 
irritation.  It  is  believed  the  dentifrice  acts  by  virtue  of  the  protein  denaturing 
action  of  its  high  urea  content®  which  combined  with  the  ammonium  phosphate 
l)roduees  a  strong  buffering  action  at  the  site  of  acid  ])roduetion.®  High  concen¬ 
trations  of  urea  were  shown  to  he  necessary  for  greatest  effectiveness,  as  well  as 
for  rapid  penetration  of  the  intact  dental  plaque. 

In  averaging  the  figures,  equal  weight  was  given  to  each  D.^I.F.  by  aver¬ 
aging  the  total  time  and  total  D.M.F.  and  establishing  the  ratio  D.M.F./yr.  from 
these  figures.  On  the  other  hand,  if  the  total  of  individual  T).^[.F./yr.  is  aver¬ 
aged,  thus  giving  more  etpial  weight  to  each  patient,  the  results  will  vaiy  from 
the  original  as  noted  in  Table  IV.  With  this  analysis,  despite  a  dro}*  of  2.48 
l)er  cent  in  the  control  group,  test  iieriod,  the  caries  incidence  reduction  of  the 
te.st  group  becomes  41.9  per  cent;  it  becomes  41.2  per  cent  compared  with  the 
autocontrol  period. 

A  drop  in  caries-incidence  exi)erience  would  normally  be  expected  in  the 
control  group  as  the  patients  grew  older  and  is  easier  of  explanation  than  the 
rise  of  7.3  per  cent  in  the  original  totals.  It  is  felt,  however,  that  the  more  con¬ 
servative  figures  of  35.2  per  cent  and  37.5  per  cent  more  accurately  reflect  the 
true  analysis  of  the  caries  experience  of  this  group  of  patients. 

This  report  may  be  considered  the  first  of  a  continued  study  of  these  same 
cases.  It  is  hoped  that  further  data  on  these  patients  will  be  available  for  report 
in  the  due  coui-se  of  time. 


*AU  calculations  in  all  groups  were  made  from  permanent  office  records  based  upon 
filed  periodic  full  series  and  yearly  bitewing  radiographs. 
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Table  IV 


PRE-TEST  PERIOD 

TE.ST  PERIOD 

%  CHANGE 

GROUP 

D.M.F./YR. 

D.M.F./YR. 

D.M.F./YR. 

Test 

2.69 

1.58 

-41.2* 

^1.9 1 

Control 

2.72 

2.65 

-2.48 

•Compared  with  autocontrol  period. 
tCompared  with  control  group,  test  period. 


SUMMARY  AND  CONCLUSION 

The  caries-incidence  experience  of  220  private  patients  is  reported  in  rela¬ 
tion  to  the  use  of  cosmetic  and  therapeutic  dentifrices  with  unsupervised  average 
home  care.  The  test  group  of  100  cases  iLsed  cosmetic  dentifrices  an  average  of 
7.8  years,  average  D.M.F,/yr.  2.39.  Using  a  27.5  per  cent  active  ingredient 
ammonium  therapy  dentifrice  an  average  of  34.3  months,  average  D.M.F./yr.  1.55. 
Control  group  of  50  used  cosmetic  dentifrices  throughout  observation  period  of 
12  years;  pre-test  period  average  D.M.F./yr.  2.31,  test  period  2.48  (Table  III). 

An  average  caries-incidence  reduction  of  37.5  per  cent  is  noted  for  the  test 
group  over  the  control  groufi  during  the  test  period ;  35.2  per  cent  reduction  of 
the  test  group,  test  period  over  the  autocontrol  period,  same  group.  A  reduction 
was  manifest  in  82  per  cent  of  the  test  patients. 

By  weighting  the  figures  to  give  more  equal  consideration  to  each  patient 
instead  of  each  D.M.F.,  the  figures  are  41.9  per  cent  and  41.2  per  cent  respec¬ 
tively  (Table  IV).  We  would  tend  to  minimize  even  the  former  figures  because, 
as  a  matter  of  fact,  some  proportion  of  the  apparent  caries-incidence  reduction 
may  be  attributed  to  enthusiastic  oral  hygiene  heightened  by  the  knowledge  of 
the  possible  therapeutic  benefit  of  the  dentifrice. 
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THE  EFFECT  OF  PENICILLIN  ON  DENTAL  CARIES  IN  RATS 
FED  ON  A  COARSE  CORN  DIET 

HAROLD  WEBMAN,  D.D.S.,  T.  J.  HILL,  D.U.S.,  AND  A.  H.  KNIESNER,  D.D.H. 

School  of  Dentistry,  Western  Beserie  University,  Clevelatui,  Ohio 

This  experiment  was  undertaken  in  conjunction  with  studies  at  this  Uni¬ 
versity  on  the  effect  of  penicillin  on  human  caries.  Rat  caries  is  sufficiently 
similar  to  this  disease  in  man  so  that,  experimentally,  some  lifjht  can  he  focused 
on  the  problem.’ 

Previous  information  as  to  the  effect  of  this  antibiotic  has  been  rejrorted.* 
McClure  and  Hewitt  used  rats  on  a  caries-producing  diet,  and  added  75  units 
of  i)enicillin  per  gram  of  diet  to  the  experimental  group.  The  drinking  water 
also  contained  75  units  per  milliliter.  It  was  felt  that  this  amount  of  i)enicillin 
was  maximal;  therefore  the  present  study  was  undertaken  to  determine  the 
minimal  amount  of  penicillin  in  water  which  could  reduce  caries  incidence  in 
the  presence  of  a  caries-producing  diet  alone,  as  well  as  with  sucrose  in  the 
drinking  water. 

METHOD  OF  INVESTIGATION 

Hoppert,  Webber,  and  Canniff^  demonstrated  that  coarse  corn  particles 
induce  caries-like  lesions  in  rat  molar’s.  This  method  was  employed.  After 
pulverization  of  whole  corn,  a  sifting  of  a  sample  lot  on  standard  screens  gave : 
60  per  cent  on  a  20-mesh  screen,  25  per  cent  on  a  40-mesh  screen,  15  per  cent 
on  or  through  a  60-mesh  screen.  This  is  somewhat  coarser  than  the  original 
H-W-C  Diet.  All  groups  in  the  experiment  were  fed  the  Hoppert  diet  ad 
libitum  and  unvaried  as  to  content. 

The  method  used  in  giving  penicillin  supplements  was  solely  by  way  of 
the  drinking  water.  This  assured  bathing  of  the  molare  in  a  fixed  level  of  peni¬ 
cillin.  Stock  solutions  were  kept  refrigerated  at  5°  Centigrade.  Dilutions 
from  these  stock  solutions  for  the  drinking  water  were  made  daily  or  every  two 
days.  There  was  little  question  as  to  the  stability  of  the  penicillin  solutions 
refrigerated  at  5°  C.  for  10  days*  or  those  standing  at  room  temperature  for 
24  hours.®  However,  the  potency  of  the  nonrefrigerated  solutions  was  assayed 
in  our  laboratory  against  LactohaciUus  aHdophilus  and  Micrococcus  pyogenes 
var.  aureus  and  were  found  to  be  satisfactory. 

Since  it  has  been  shown  that  sucrose  supplements  promote  the  production 
of  larger  carious  lesions  in  white  rat  molars,  although  it  does  not  necessarily 
change  the  incidence  of  caries,*’ '  the  protective  quality  of  penicillin  was  also 
tested  in  the  presence  of  this  fermentable  carbohydrate.  A  1.5  per  cent  aqueous 
solution  was  used. 

The  production  time  of  caries  initiated  by  this  method  has  been  studied  by 
various  groups.  Lilly  and  Wiley*  found  caries  in  66  per  cent  of  their  rats  in 

Received  for  publication  August  19,  1948. 
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100  days,  and  100  per  cent  in  125  days.  Kearney,  Sognnaes,  and  Bibby®  found 
tliat  caries  did  not  occur  until  about  12  weeks  on  the  diet.  Rats  in  this  study 
were  fed  the  diet  for  approximately  110  days,  which  was  considered  ample  for 
the  production  of  caries. 

Twenty-  to  thirty-day-old  female  rats,  whose  molars  were  just  in  the  proc¬ 
ess  of  erupting,  were  obtained  from  the  stock  colony  maintained  at  Mount 
Sinai  Hospital,  Cleveland.  They  were  divided  at  random  into  various  groups 
as  to  drinking  water  as  follow’s : 

A — Water,  B — Penicillin  1  /i/ml.  in  water,  C — Penicillin  2  /t/ml.  in  water, 
I) — Penicillin  5  /t/ml.  in  water,  E — Sucrose  1.5  per  cent  in  water,  F — Peni¬ 
cillin  2  /*/ml.  in  1.5  per  cent  aqueous  sucrose  solution,  and  C — Penicillin  5  /i/ml. 
in  1.5  per  cent  aqueous  sucrose  solution. 

All  rats  were  individually  ear-marked  for  identification  purposes,  but  each 
group  was  kept  in  a  single  cage.  Daily  water  consumption  records  w’ere  kept 
for  the  groups,  and  weekly  weight  records  were  kept  for  the  individual  rats. 

At  the  completion  of  the  study,  before  each  rat  was  sacrificed,  a  qualitative 
estimate  of  oral  L.  acidophilus  was  obtained  by  swabbing  the  teeth  and  mucosa 
with  a  small  sterile  cotton  swab  and  immediately  plating  this  material  on  tomato 
juice  agar  media. 

Most  investigations  of  caries  in  rats  have  reported  lesions  in  unsectioned 
teeth  as  they  are  observed  under  low’  power  magnification.  A  20x  binocular 
microscope  was  used  in  this  study.  Three  types  of  caries-like  lesions  were 
found:  (A)  Fissure  caries:  described  by  Rosebury,  Karshan,  and  Foley^®  as 
a  penetration  through  the  enamel  and  caries  in  the  dentin  of  the  sulci,  with 
consequent  loss  of  tissue.  It  can  be  regarded  as  analogous  with  the  fissure 
caries  of  man.  (B)  Fractures:  these  lesions  may  be  pathological  or  not,  and 
in  their  advanced  stages  in  some  eases  w’ere  indistinguishable  from  advanced 
fissure  caries.  (C)  Interproximal  caries:  an  infrequent  finding  of  the  type 
observed  by  Klein  and  McCollum, “  consisting  of  a  breaking  down  of  the  enamel 
substance  at  the  approximating  surfaces  of  the  molars. 

In  determining,  under  low  power  magnification,  just  what  is  or  is  not 
caries,  there  exists  great  latitude.  A  sulcus  may  be  fairly  light  yellow’,  yet 
show  a  large  loss  of  tissue;  it  may  be  dark  brown,  yet  show'  no  loss  of  tissue. 
A  fracture  must  be  examined  carefully  to  discover  the  presence,  absence,  or 
extent  of  the  carious  lesion.  Arbitrarily,  to  prevent  extreme  error  in  observa¬ 
tion,  the  standard  for  fissure  caries  in  this  study  w’as  the  absence  of  a  distinct 
.sharp  line  or  groove  at  the  bottom  of  the  sulcus,  indicating  a  loss  of  tissue.  All 
teeth  were  examined  for  caries  without  the  identifiable  code.  The  reported 
findings  are  a  combination  of  the  authors’  examinations. 

There  are  two  phases  of  caries  which  require  separate  analysis.  One  of 
these  relates  to  the  susceptibility  of  an  area  to  the  initiation  of  the  carious 
process;  the  other  is  the  rate  at  which  caries  progresses  after  initiation.  For 
susceptibility  to  initiation,  the  data  are  frequency  of  carious  attack  without 
consideration  as  to  extent.  For  rate  of  progress  it  is  necessary  to  compare  size 
of  cavities.  In  order  to  evaluate  rate  of  progress,  three  values  were  assigned 
to  the  extent  of  caries:  1 — slight  loss  of  dentin,  2 — great  loss  of  dentin,  and 
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3 — pulpal  exposure.  The  “weighed  value”  represents  the  addition  of  the  values 
assigned  to  the  carious  teeth  divided  by  the  total  number  of  teeth  exposed  to 
caries. 

Harrison'*  studied  the  changes  of  flora  on  the  surfaces  of  rat  molars  during 
the  development  of  caries.  The  reaction  of  the  oral  flora  to  caries  susceptibility 
and  to  the  effects  of  inhibitors,  such  as  fluorides  and  iodoaeetic  acid,  suggested, 
first,  that  the  lactobacilli  are  associated  with  experimental  caries  as  etiologic 
agents,  not  as  secondary  invaders  which  are  increased  because  the  lesions  pro¬ 
vide  a  more  favorable  environment ;  and  second,  experimental  caries  is  prevented 
by  inhibition  of  the  growth  and  activity  of  these  organisms.  The  relative 
presence  or  absence  of  these  organisms  serves  as  a  useful  indicator  of  caries 
activity.  Kesel,  O’Donnell,  Kirch,  and  Wach'®  stated  that  the  bacteria  found 
in  the  human  oral  flora  which  seems  to  be  responsible  for  much  of  the  ammonia 
nitrogen  production  is  Bacillus  lactis  aerogenes.  This  gram-negative  bacillus 
produces  ammonia  which  has  a  limiting  effect  on  aciduric  bacteria.  B.  lactis 
aerogenes  grows  well  on  tomato  juice  agar  media,  and  the  presence  of  the  organ¬ 
isms  was  recorded  if  found  on  a  plate. 

EXPERIMENTAL  RESULTS 

The  consumption  of  water  by  all  groups  was  well  within  the  biological 
limits  or  normality.  Those  in  the  sucrose  groups  had  a  larger  daily  consump¬ 
tion  as  compared  to  the  water  groups.  This  is  explained  by  the  work  of  Rich¬ 
ter'^  who  pointed  out  the  fondness  of  rats  for  sugar  solutions.  Penicillin  fed 
to  white  rats  enhanced  growth  in  some  casas.  In  no  case  did  it  hinder  normal 
incremental  growth. 

Penicillin  in  water  up  to  five  units  per  ml.  did  not  reduce  markedly  either 
frequency  of  attack  or  progress  of  caries  (Table  I).  However,  under  con¬ 
ditions  simulating  those  of  the  human  oral  cavity,  i.e.,  with  a  daily  intake  of 
sugar,  there  was  a  definite  and  constant  reduction  of  frequency  and  rate  of 
progress  with  each  increment  of  penicillin  to  the  water  supply  (Table  II). 


Table  I 

Effect  of  Water  Containing  Penicillin  on  the  Caries  Activity  of  Rats 


control 

WATER 

penicillin 

1  UNIT 

PENICILLIN 

2  UNITS 

PENICILLIN 

5  UNITS 

NO. 

% 

NO. 

% 

% 

NO.  1 

% 

Rats 

27 

15 

16 

Rats  carious 

19 

70.00 

10 

66.00 

68.00 

8 

50.00 

Carious  teeth 

36 

11.10 

26 

14.40 

27 

10.20 

24 

12.50 

Caries  weight 

50 

0.154 

38 

0.155 

35 

0.1.32 

26 

0.1.35 

Table  II 

Effect  of  Penicillin  Containing  Water  on  the  Caries  Activity  of  Rats  Receiving 

Sucrose  Supplement 


CONTROL 

SUCROSE 

1.5%  SUCROSE  AND 
PENICILLIN — 2U. 

1.5%  SUCROSE  AND 
PENICILLIN — 51T. 

NO. 

% 

NO. 

% 

NO. 

% 

Rats 

10 

20 

16 

Rats  carious 

10 

100.00 

18 

90.00 

11 

68.00 

Carious  teeth 

27 

22.50 

41  1 

16.60 

18 

9.30 

Caries  weight 

40 

0.33.3 

70 

0.292 

32 

0.166 
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As  the  increment  of  penicillin  increased,  L.  acidophilus  present  in  the  oral 
flora  decreavscd.  In  the  presence  of  su^ar  plus  penicillin,  B.  lactis  aerogenes 
replaced  the  lactobacillus  as  the  predominant  organism  in  the  rat’s  mouth 
(Fig.  1). 

SUMMARY 

An  experiment  was  conducted  with  rats  fed  a  Hoppert  diet,  some  of  which 
received  plain  water,  others  the  same  diet  with  the  varying  amounts  of  peni¬ 
cillin  in  the  water,  and  some  with  sucrose  and  penicillin  added  to  the  water. 
The  rats  were  fed  for  110  days.  The  control  rats  showed  that  70  per  cent  of 
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Fig.  1. — Occurrence  of  lactohacilli  and  B.  lactis  aerogenes  in  rat  mouth  flora. 


them  developed  dental  caries,  and  in  the  rats  receiving  5  units  of  penicillin  per 
c.c.  of  water  supply,  50  per  cent  had  dental  caries.  When  a  weighted  value  w'as 
given  to  the  carious  lesions  on  the  basis  of  the  amount  of  tooth  structure  which 
was  destroyed  by  values  of  1  for  incipient  caries,  2  for  deep  caries  of  the  dentin, 
and  3  for  caries  which  involved  pulp  exposures,  the  caries  control  rats  had  a 
weighted  value  of  .154  and  the  rats  receiving  5  units  of  penicillin  a  weighted 
value  of  .135.  The  rats  receiving  sucrose  showed  quite  a  different  situation. 
One  hundred  per  cent  of  those  receiving  additions  of  1.5  per  cent  of  sucrose  to 
the  water  had  dental  caries.  Of  the  rats  which  received  additions  of  5  units 
of  penicillin  per  c.c.  and  1.5  per  cent  of  sucrose  to  the  water,  68  per  cent  had 
carious  teeth.  When  similar  weighted  values  were  given  to  the  carious  lesions. 
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the  rats  receiving  sucrose  additions  had  a  caries  weight  of  .353  and  those  with 
penicillin  and  sucrose  a  caries  weight  of  .166.  The  percentage  of  carious  teeth 
was  also  markedly  reduced  from  22.5  per  cent  in  the  rats  receiving  sucrose  to 
9.3  per  cent  in  the  rats  receiving  sucrose  and  penicillin. 

Ingestion  of  penicillin  in  water  by  white  rats  reduced  the  occurrence  of 
L.  acidophihis.  In  those  rats  receiving  penicillin-sucrose  supplements  in  the 
water,  a  marked  shift  of  the  oral  flora  to  that  of  B.  lactis  aerogenes  occurred. 
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PKNICILLIX  dkntifricp:  and  dental  caries 
EXPERIENCE  IN  CHILDREN 

THOMAS  J.  HILL,  D.D.S.,  AND  ALBtIKT  H.  KNIKSNER,  B.S.,  D.D.S. 

School  of  Dentistry  and  Institute  of  Patholoyy,  Western  Keserve  Vniversity,  Cleveland,  Ohio 

INTRODUCTION 

Recent  investifjations  have  demonstrated  that  induced  caries  in  rats  can 
l)e  prevented  by  additions  of  penicillin  to  their  food  and  water  supply,' 
and  that  a  marked  reduction  in  the  frequency  and  projjress  of  caries  can  he 
accomplished  by  supplementing  only  the  water  supply  of  rats  with  minimal 
amounts  (5  units  per  ml.)  of  penicillin.^  The  experimental  bru.shing  of 
hamsters’  teeth  with  a  dentifrice  containing  ])enicillin  has  been  reported  as 
highly  effective  in  lowering  the  number  of  carious  lesions  which  appeared 
in  these  animals.’  Nowhere  in  the  literature  can  be  found  a  report  of  the 
clinical  use  of  an  antibiotic  for  its  po.ssible  influence  on  human  caries  ex¬ 
perience. 

This  study  was  undertaken  to  determine  what  benefits,  if  any,  might  be 
obtained  from  the  use  of  a  penicillin  dentifrice  by  children  for  one  year  un¬ 
der  conditions  comparable  to  the  ordinary  nonregimented  habits  of  oral 
hygiene. 

METHOD  OF  INVESTIGATION 

Two  hundred  forty  institutionalized  boys,  aged  eight  to  fifteen  years  in¬ 
clusive,  were  examined  clinically  with  mouth  mirrors  and  exploring  tines  for 
existent  dental  caries,  dental  restorations,  and  missing  teeth.  Only  one  of  the 
authors  made  the  examinations.  Posterior  interproximal  radiographs  were 
made  and  their  interpretations  were  entered  on  individual  charts.  Informa¬ 
tion  concerning  previous  residences  was  obtained  to  establish  possible  ex¬ 
posure  to  water  supplies  with  known  fluoride  content. 

In  order  to  describe  more  adequately  the  initial  extent  and,  later,  the 
progress  of  carious  lesions,  a  “weighted  value”  was  recorded  as  follows: 
A  weight  of  1 — caries  of  enamel;  a  weight  of  2 — shallow  caries  of  dentin  (less 
than  half  the  distance  from  the  dentino-enamel  junction  to  the  dental  pulp) ; 
a  weight  of  3 — deep  caries  of  dentin  (more  than  half  the  distance  from  the 
dentino-enamel  junction  to  the  dental  pulp  without  apparent  pulp  involve¬ 
ment)  ;  and  a  weight  of  4 — apjiarent  exposure  of  the  dental  pul]). 

The  number  of  carious  surfaces  present  in  each  group  existent  at  the  be¬ 
ginning  of  this  study  was  to  be  conqiared  with  the  nuudier  found  at  the  final 
examination.  Surfaces  found  restored  at  the  final  examination  were  given  the 
same  caries  weighted  value  as  that  Mhich  existed  in  the  first  examination.  If 
no  caries  was  recorded  on  a  surface  which  had  been  restored  during  the  year. 
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an  arl)itrary  weighted  value  of  2  was  given.  Teeth  lost  by  caries  were  given 
the  value  of  4.  For  exaini)le,  a  molar  which  had  had  deep  mesial  caries  at  the 
first  examination  with  weighted  value  of  3  and  which  it  had  been  necessary 
to  extract  during  the  year  was  given  a  value  of  4,  i.e.,  an  increased  caries 
rating  of  1. 

Initial  susceptibility  to  dental  caries  was  determined  by  averaging  two 
oral  laetobacillus  counts.  Salivary  samples  were  collected  before  brushing 
the  teeth  and  before  breakfast.  All  samples  were  obtained  by  chewing 
paraffin  blocks  and  were  diluted  and  plated  within  four  hours  on  tomato-juice 
agar  media  pH  5.1  (Hadley’s  modification  of  Kulp’s  formula).  After  four 
days’  incubation  at  37.5°  C.,  the  oral  lactobacilli  were  counted  and  an  index  of 
susceptibility  was  assigned  to  each  boy  on  his  chart. 


500  2a000  500  ZOtOOO 

Organisms  per  ml.  saliva 

I  i= Control  ^^=Expcrimental 

Fig.  1. — CIraphic  analysis  of  changes  in  oral  laetobacillus  counts  before  (left)  and  after 
(right)  one  year  of  use  of  penicillin-containing  dentifrice.  (All  constantly  negative  counts 
eliminated.) 

After  the  preliminary  oral  examinations  and  laetobacillus  counts  had 
been  completed,  all  boys  were  supplied  with  individual  four-ounce  bottles  of 
tooth  powder  and  new  toothbrushes.  The  occupants  of  five  cottages  were 
given  tooth  powder  containing  1,000  units  of  penicillin  per  gram.  Another 
group  of  three  cottages,  the  occupants  of  which  served  as  controls,  used  the 
same  type  of  tooth  powder  without  penicillin.  They  were  instructed  to  brush 
their  teeth  twice  each  day.  Other  dentifrices  used  previously  were  removed 
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from  the  cottages,  and  instructions  were  given  not  to  place  a  wet  toothbrush 
in  the  bottle.  Penicillin-containing  tooth  powder  which  became  caked  from 
moisture  was  replaced  with  new  powder. 

FINDINGS 

An  analysis  of  oral  laetobacillus  counts  made  for  163  boys  revealed  that 
thirty  (18.4  per  cent)  remained  constantly  negative.  Fig.  1  illustrates  changes 
in  oral  laetobacillus  counts  at  the  end  of  one  year  in  eighty  boys  of  the  ex¬ 
perimental  group  and  fifty-three  boys  of  the  control  group.  A  general  reduc¬ 
tion  in  the  occurrence  of  these  organisms  was  observed.  The  decision  to  pre¬ 
sent  these  data  as  classified  was  purposeful  in  order  that  the  degree  of  reduced 
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Fig.  2. — Summary  data  of  caries  experience  in  children  during  one  year. 


counts  may  be  recognized.  Note  particularly  that,  as  compared  with  the 
initial  per  cent  found  to  belong  to  the  100  to  500  grouping,  50.2  per  cent  of  the 
experimental  and  41.5  per  cent  of  the  control  group  had  become  identified 
with  reduced  susceptibility  to  dental  caries  at  the  end  of  this  study.  Note  also 
the  marked  reduction  in  the  percentage  of  counts  which  were  initially  over 
20,000  per  milliliter  of  saliva. 
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riinical  evidence  did  not  su])i)ort  the  anticipated  lesseninjj  of  caries  ac¬ 
tivity,  if  oral  lactobacillus  counts  are  to  be  considered  as  an  index  of  the  caries 
process.  The  coin])iled  data  of  Fif?.  2  are  arranged  according  to  cottages  and 
re])resent  the  average  number  of  cavities  and  extent  of  lesions  in  permanent 
teeth.  Xo  signihcant  differences  in  the  number  of  new  carious  surfaces  nor 
progress  in  existent  carious  tepth  can  be  ascertained  from  these  data. 

All  boys  were  reared  in  vicinities  without  fluoride-containing  waters. 

X"o  allergic  manifestations  to  the  use  of  penicillin  in  a  dentifrice  were 
observed. 

From  the  amount  of  tooth  i)owder  which  was  used  each  month,  it  was  ob¬ 
served  that  most  of  these  boys  did  not  follow  the  instructions  given  to  them 
relative  to  brushing  their  teeth  twice  a  day.  The  figures  here  represent  the 
ordinary  nonregimented  methods  of  oral  hygiene.  The  authors  suspect  that 
different  re.sults  might  be  obtained  with  more  regular  use  of  penicillin  tooth 
])owder  as  evidenced  by  thirteen  dental  students  who  were  selected  because  of 
their  high  caries  susce])tibility.  These  thirteen  students  had  a  marked  reduc¬ 
tion  in  acidophilus  counts  and  oidy  one  carious  lesion  develoi)ed  in  a  nine- 
month  period. 

Tlie  authors  wish  to  thank  the  officials  of  Parmadale  Children ’s  Village  of  St.  Vincent 
l)e  Paul  for  their  gracious  cooperation,  the  Cleveland  Dental  Society  for  its  tinancial  support, 
Wyeth,  Incorporated,  for  generous  supplies  of  penicillin,  the  Comfort  Manufacturing  Com¬ 
pany  for  generous  supplies  of  tooth  powder  and  the  Buck  X-Ograph  Company  for  providing 
dental  x-ray  films. 
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EFFECT  OF  SMALL  AMOUNTS  OF  PENICILLIN  ON  THE  ORAL 
BACTERIAL  FLORA 


BETTY  J.  WHITE,  B.8.,  ALBERT  H.  KNIE8NER,  B.H.,  D.D.S.,  AND 
THOMAS  J.  HILL,  D.D.S. 

School  of  Dentistry,  Western  Reserve  University,  Cleveland,  Ohio 

PENICILLIN  inhibits  the  growth  of  a  lar^e  percentafie  of  the  sram-positive 
frronp  of  organisms,  and  because  the  oral  flora  includes  large  numbers  of 
these  penicillin-sensitive  organisms,  we  have  attempted  to  determine  the  effects 
of  relatively  small  dosages  of  penicillin  administered  orally  on  the  oral  bac¬ 
terial  flora.  Long'  has  re])orted  that  penieillin  given  orally  or  ingested  sys- 
temically  greatly  reduces,  in  a  short  time,  the  number  of  penicillin-sensitive 
organisms  present  in  the  oral  cavity.  As  these  organisms  decrease,  they  are 
replaced  by  gram-negative  organisms  of  the  tribe  Eschericheae,  but  Long'  has 
shown  that  this  grouj)  of  organisms  does  not  persist  after  treatment  is  discon¬ 
tinued.  AVebman,  Hill,  and  Kniesner^  noted,  in  studies  of  rats  receiving 
penicillin  in  water,  an  increase  in  the  occurrence  of  gram-negative  organisms  in 
conjunction  with  an  ^crease  in  penicillin  and  sucrose  dosages  and  a  correspond¬ 
ing  decrease  in  the  incidence  of  oral  lactobacilli. 

In  the  following  studies,  a  group  of  children  from  an  institution  were 
treated  with  small  amounts  of  i)enicillin  by  the  addition  of  1000  units  per 
gram  to  tooth  powder,  primarily  in  an  attemid  to  reduce  the  occurrence  of 
dental  caries.®  However,  this  paper  is  concerned  with  the  L.  acidophilus  counts, 
determinations  of  number  hud  presence  of  the  predominating'gnmps  oT  a(^)bic 
organisms,  and  the  occurrence  of  of  the  tribo— 

^rich^e. 

METHODS 

Paraffin-stimulated  saliva  was  collected  in  the  morning  before  the  teeth 
were  cleaned  and  before  breakfast.  L.  acidophilus  counts  were  determined  by 
the  Hadley  method.  S])ecimens  were  diluted  to  obtain  a  countable  number  of 
organisms  and  were  i)lated  on  blood  agar.  The  resulting  colonies  were  identi¬ 
fied  by  routine  bacteriological  methods.  The  saliva  sj)ecimen  was  also  plated 
on  Endo  or  eosin-methylene  blue  medium  to  show  the  ])resence  of  gram-neg¬ 
ative  organisms.  These  organisms,  were  further  identified  by  means  of  Voges- 
Proskauer,  methyl  red,  and  carbohydrate  fermentation  tests. 

1.  L.  acidophilus: 

The  institutional  children  wei'e  divided  into  two  groups.  One  group  was 
given  prei)ared  tooth  powder  without  the  addition  of  penicillin,  and  the  other 
received  the  same  tooth  powder  wdth  penicillin  added.  Both  groups  were  un- 

This  investigration  was  supported  (in  part)  by  a  research  grant  from  the  Division  of 
Research  Grants  and  Fellowships  of  the  National  Institute  of  Health,  U.  S.  Public  Health 
Service. 
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aware  of  the  contents  of  the  tooth  powder  and  were  requested  to  use  it  once 
a  day  without  supervision  for  a  i)eriod  of  one  year.  An  average  of  three 
L.  acidophilus  counts  was  taken  before  the  exijerinient  and  after  the  end  of  the 
year.  For  purposes  of  comparison,  all  consistently  negative  L,  acidophilus 
counts  were  eliminated  from  both  groups.  The  control  group,  which  did  not 
receive  any  penicillin,  was  made  up  of  fifty-three  individuals  and  the  experi¬ 
mental  group  of  eighty. 

Before  the  beginning  of  the  experiment,  we  found  the  distribution  of  L. 
acidophilus  to  be  fairly  equal  in  both  groups.  After  the  use  of  the  penicillin 
tooth  i)owder  for  one  year,  the  experimental  group  showed  an  increase  in  the 
number  of  children  in  a  lower  classification  of  L.  acidophilus  and  a  greater  de¬ 
crease  of  those  previously  in  the  high  L.  acidophilus  counts  than  was  shown  by 
the  control  group  (Fig.  1). 


BEFORE 


100  to  500  to  20,0004 
500  20,000 


ORGANISMS  PER  MILLILITER  SALIVA 


CONTROL 


EXPERIMENTAL 


Fig.  1. — Comparison  of  L.  acidojihilus  counts  before  and  after  use  of  penicillin  dentifrice. 

The  decrease  in  numbers  of  L.  acidophilus  in  the  control  group  was  more 
than  would  be  expected,  but  the  decrease  in  the  experimental  group  was 
greater. 

2.  Other  organisms: 

Two  groups  were  selected  from  the  above  persons,  one  group  from  each  of 
the  control  and  the  experimental  groups.  These  groups  were  further  divided 
into  groups  of  those  having  L.  acidophilus  counts  of  over  50,000  per  ml.  (-H--I-+) 
and  those  having  negative  L.  acidophilus  counts. 
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In  the  following  charts,  some  organisms  are  presented  as  to  their  occur¬ 
rence,  whereas  alpha  and  gamma  streptococci,  which  were  found  to  be  present  in 
all  specimens,  are  presented  as  an  average. 
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Average  Counts— Alpha  and  Gamma  Streptococcus  Occurring  in  Dilutions  op 

1:500,000 
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In  the  control  groups,  the  occurrence  of  all  other  organisms  is  similar  in 
high  and  low  L.  acidophilus  counts.  However,  the  A.  aerogenes  was  associated 
only  with  the  negative  L.  acidophilus  counts  and  the  gamma  streptococcus 
showed  less  in  the  high  L.  acidophilus  counts.  In  general,  the  number  of  other 
organisms  was  greater  with  the  higher  lactobacillus  counts. 

In  the  experimental  groups,  the  organisms  were  definitely  more  numerous  in 
the  higher  L.  acidophilus  grouping.  Again  the  .^1.  aerogenes  occurred  only  in 
the  negative  group  and  E.  coli  was  also  found  to  occur  more  frequently  in  this 
group.  The  pneumococcus  and  aciduric  streptococcus  occurred  less  often  in  the 
same  group. 

Disregarding  the  L.  acidophilus  counts,  and  totaling  the  two  groups  as  to 
those  receiving  penicillin  treatment  and  those  not  receiving  it,  we  found  that  the 
^  penicillin  definitely  reduced  the  number  and  occurrence  of  the  penicillin-sensi¬ 
tive  organi.sms  of  the  mouth.  It  is  of  interest  that  these  counts  .showed  no  cor¬ 
relation  with  the  occurrence  of  yeasts. 

3.  Production  of  gram-negative  bacilli: 


Saliva  specimens  were  checked  at  various  times  over  a  period  of  ten  months 
for  the  pre.sence  of  gram-negative  bacilli  of  the  tribe  Eschericheae.  These  speci¬ 
mens  were  taken  largely  from  the  institutional  group  but  were  supplemented  by 
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some  taken  from  dental  students.  The  specimens  used  were  selected  at  random 
and  while  there  were  some  taken  from  the  same  months  at  different  times,  the 
greatest  numlier  of  counts  were  derived  from  different  individuals. 


n.VTE 

NCMBEIi  OF 

COfNTS 

OCCrKKEXCE  OF 

GRAM-NEGATIVE 

BACIU.I 

PER  CENT  OF 

OCCURRENCE 

Control  group 

April  to  September 

101* 

12 

11 

Experimental 

Mareh  to  April 

99 

1 

group 

April  to  September 

89* 

27 

December  to  January 

102 

0 

9 

♦Groups  supplemented  by  dental  students. 


There  is  very  little  difference  in  the  per  cent  of  occurrence  of  the  gram¬ 
negative  bacilli  between  those  persons  who  were  under  treatment  with  the 
penicillin  tooth  powder  and  those  who  were  not.  However,  the  experimental 
^roup  had  a  relatively  high  occurrence  of  gram-negative  organisms  because 
some  of  the  supplementary  dental  students  had  received  penicillin  troches. 
The  counts  taken  from  December  to  April  showed  little  or  no  occurrence  of  the 
gram-negative  organisms  while  those  taken  from  April  to  September,  or  the 
summer  months,  showed  a  eomparativ'ely  high  occurrence.  This  increase  is 
correlated  with  a  decrease  in  the  L.  acidophilus  counts  although  there  was  also 
a  decrease  in  other  gram-positive  organisms  and  a  concomitant  seasonal 
change. 

The  gram-negative  organisms  ajipeared  only  when  the  L.  acidophilus 
counts  were  either  low  or  negi^tive,  but  did  not  necessarily  occur  with  all  low 
or  negative  counts.  The  organism  which  occurred  most  frequently  (67  per 
cent  of  the  gram-negative  group)  was  Aerohacter  aerogenes.  Other  or¬ 
ganisms  were  classified  roughly  as  species  of  Escherichia. 

4.  Effect  of  increased  dosages  of  penicillin: 

From  a  group  of  twenty-four  dental  students,  eleven  were  selected  as 
highly  susceptible  to  caries  by  an  average  of  three  separate  L.  acidophilus 
counts.  These  eleven  persons  were  given  500  units  of  penicillin  per  day  in  the 
form  of  troches  for  a  period  of  one  week  only.  At  the  same  time  they  began 
to  use  ])enicillin  tooth  powder  (1000  units  i)er  gram)  and  continued  to  use  it 
throughout  the  experiment.  L.  acidophilus  counts  were  made  and  the  occur¬ 
rence  of  gram-negative  bacilli  was  noted  at  various  times  over  a  period  of  eight 
months. 


AVERAGE  L.  acidophilus 
COUNT  PER  ME.  SALIVA 

OCCURRENCE  OF  GRAM-NEGATIVE 

BACILLI 

(NUMBER  OF  INDIVIDUALS) 

Hefore  treatment 

1  56,200 

0 

After  treatment  (troches) 

1  week 

7 

2  weeks 

5 

3  weeks 

4 

4  weeks 

1 

8  months 

0 
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After  treatment  with  the  troches,  thei-e  was  a  marked  decrease  in  L. 
acidophilus  which  was  not  maintained.  At  the  end  of  three  weeks,  the  organisms 
were  reasonably  high  but  were  gradually  decreased  by  the  continued  use  of  the 
penicillin  tooth  powder. 

The  gram-negative  organisms  occurred  in  the  same  mouths  on  each  count ; 
however,  the  seven  men,  who  first  showed  the  presence  of  these  organisms,  lost 
them  in  varying  periods  of  time.  Those  individuals  who  did  not  show  any 
gram-negative  organisms  after  treatment  with  the  troches  did  not  develop 
them  at  a  later  date.  Again,  the  gram-negative  group  was  found  only  with 
low  or  negative  L.  acidophilus  counts,  but  not  necessarily  with  all  low  or  nega¬ 
tive  counts. 

CONCLUSIONS 

The  number  of  oral  L.  acidophilus  can  be  reduced  by  the  proper  and  con¬ 
scientious  use  of  penicillin  in  tooth  powder.  The  balance  of  the  natural  bac¬ 
terial  flora  of  the  mouth  is  little  changed  by  small  amounts  of  penicillin,  al¬ 
though  the  number  and  occurrence  of  organisms  are  reduced. 

Gram-negative  bacilli  of  the  genera  Aerobaeter  and  Escherichia  do  in¬ 
crease  in  occurrence  with  a  larger  dose  of  penicillin  but  are  not  permanently 
maintained.  Apparently,  these  organisms  replace  that  part  of  the  flora  which 
is  destroyed  by  the  penicillin  or  by  other  factors  involved  in  the  normal  chang¬ 
ing  of  the  flora.  While  the  occurrence  of  gram-negative  organisms  was  as¬ 
sociated  only  with  low  or  negative  L.  acidophilus  counts,  it  appears  indicative 

merelv  of  a  change  in  the  balance  of  the  normal  flora. 
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ANTAGONISTIC  RELATIONSHIP  BETWEEN  ORAL  ORGANISMS 

BETTY  J.  WHITE,  B.S.,  AND  THOMAS  J.  HILL,  D.D.S. 

From  the  School  of  Dentistry,  Western  Eeserve  University,  Cleveland,  Ohio 

WITH  the  administration  of  larjje  doses  of  penicillin,  either  orally  or  sys- 
temically,  the  oral  bacterial  flora  ehan«es  to  a  predominance  of  gram¬ 
negative  organisms  of  the  tribe  Escherieheae.^  It  was  desirable  to  determine 
whether  any  of  these  gram-negative  organisms  are  primarily  antagonistic  to 
the  growth  of  L.  (widophilm.  Aerohacter  aeroqenes  was  selected  from  the 
gram-negative  group  for  this  study  because  it  occurs  more  frequently  in  the 
mouth  than  the  other  organisms  of  the  group  and  because  Kesel,  O’Donnell, 
Kirch,  and  Wach*  have  reported  that  filtrates  of  this  organism  will  inhibit  the 
growth  of  L.  acidophilus. 

METHOD 

The  tests  were  made  by  means  of  wells  in  agar  i)lates.  The  wells  were  lined 
with  eelloidin  membranes  which  were  ])repared  by  rinsing  a  flat-bottomed 
cylinder  2  mm.  in  diameter  with  a  eelloidin  solution.  When  the  eelloidin  had 
dried  to  a  hard  surface,  the  cylinders  were  immersed  in  cold  water  to  facilitate 
the  removal  of  the  membrane.  It  was  impossible  to  regulate  the  thickness  of 
these  membranes  exactly,  but,  by  the  use  of  eelloidin  solutions  of  similar  con¬ 
sistencies  and  by  uniform  technic,  the  membranes  were  fairly  equal  in  thickness. 

To  show’  the  presence  of  any  antagonism  between  two  organisms,  one 
organism  was  seeded  on  the  agar  plate  and  the  other  in  broth  culture  w’as  placed 
inside  the  celloidin-lined  well.  Antagonism  w’as  demonstrated  by  the  appearance 
of  a  zone  of  inhibition  occurring  around  the  w'ell  on  the  seeded  plate.  Tomato 
juice  agar  of  pH  5  and  a  dextrose  broth  of  the  same  pH  were  used  in  growing 
the  cultures  and  in  the  tests.  In  some  cases  it  was  necessary  to  use  blood  agar 
and  a  corresponding  broth  of  pH  7.  Twenty-four-hour  cultures  of  each  organ¬ 
ism  were  used  for  seeding  the  plates  and  filling  the  cups. 

To  determine  wdiether  the  eelloidin  membrane  would  .serve  as  a  means  of 
isolation  of  two  different  organisms  and  also  permit  the  i)as.sage  of  any  inhibi¬ 
tory  materials,  penicillin  w’as  jdacod  in  a  cup  and  produced  satisfactory 
inhibition  of  a  .susceptible  organism.  Broth  alone  inside  the  cup  i)roduced  no 
areas  of  inhibition  on  seeded  plates. 

RESULTS 

It  W’as  found  by  the  method  described  that  L.  acidophilus  inhibits  A. 
aerogenes  and  that  A.  aerogenes  organisms  do  not  inhibit  the  growth  of  L. 
acidophilus.  Twelve  strains  of  L.  acidophilus  were  tested,  each  inhibited  A. 

This  investigation  was  supported  by  a  research  grant  from  the  Division  of  Researcii 
Grants  and  Fellowships  of  the  National  Institute  of  Health,  IT.  S.  I’ublic  Health  Service. 
Received  for  publication  August  19,  1948. 
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acrogenes,  but  in  varying  degrees.  One  of  the  twelve  strains  on  primary 
isolation  from  a  susceptible  person  appeared  very  eoeeoid  and  was  arranged  in 
long  chains.  This  strain  produced  the  greatest  inhibition  of  A.  aerogenes  and 
also  inhibited,  slightly,  other  strains  of  L.  acidophilus.  However,  this  same 
strain  after  repeated  subeulturing  over  a  period  of  months  lost  its  eoeeoid 
foniis  and  its  ability  to  inhibit  other  strains  of  L.  acidophilus.  L.  acidophilus 
Type  II  (Hadley  classification)  produced  the  second  greatest  amount  of  inhibi¬ 
tion  of  the  A.  aerogenes  (Fig.  1). 

Because  these  results  appear  to  disagree  with  those  of  Kesel,  O’Donnell, 
Kirch,  and  Wach,^  it  was  decided  to  use  the  filtrates  of  eight-day  cultures  as  he 
described  in  this  method.  It  was  found  that  a  filtrate  of  A.  aerogenes  from  a 
culture  grown  in  a  medium  of  pH  7  will  inhibit  the  growth  of  L.  acidophilus. 
The  eighth-day  culture  and  the  resulting  filtrate  of  A.  aerogenes  reached  a 
final  i)H  of  8  which  is  undoubtedly  due  to  the  ammonia  produced,  as  Kesel, 
O  'Donnell,  Kirch,  and  Wach  have  described.  However,  filtrates  of  L.  acidophilus 


Fig.  1. — A.  aerogenes  is  seeded  on  the  outside  agar.  Cups  at  center  contain  L.  acidophiliia 
Type  II  on  the  left  and  Type  I  on  the  right.  The  clear  area  surrounding  the  cup  indicates 
the  zone  of  inhibition. 

grown  in  media  of  optimum  pH  will  in  turn  inhibit  the  growth  of  ^1.  aerogenes, 
but  filtrates  taken  from  cultures  of  either  organism  grown  at  other  than  optimal 
pH  will  not  produce  inhibition.  Inhibition  was  more  pronounced  wheii  filtrates 
were  used,  if  the  filtrate  was  placed  in  the  celloidin  cup  in  the  agar  plate  and 
refrigerated  overnight  before  the  plate  was  seeded  with  the  organi.sm  to  be 
tested.  Possibly  the  agar  absorbed  more  of  the  inhibiting  substance  and  there¬ 
fore  produced  a  greater  zone  of  inhibition. 

Several  organisms  have  been  tested  for  possible  antagonism.  The  only 
organism  found  that  would  inhibit  L.  aridophilus  was  Pseudomonas  aeruginosa. 
This  is  maybe  due  to  the  production  of  pyocyanase,  an  antibacterial  substance, 
which  is  slightly  inhibitory  to  some  gram-positive  organisms.  Besides  inhibit¬ 
ing  A.  aerogenes,  L.  acidophilus  will  inhibit  Escherichia  coli  and  to  a  lesser 
degree,  some  strains  of  Sarcina.  Extent  of  inhibition  is  noted  in  Table  I. 
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Table  I 

Inhibition  of  L.  Acidophilus 


SEEDED  ON  AGAR 

inhibition  produced  by 

GROWTH 

INHIBITION 

L.  acidophilus 

Type  II 

Penicillin 

10  units 

4.5  cm. 

L.  acidophilus 

Type  II 

A.  aerogenes 

L.  acidophilus 

Type  II 

A.  aerogenes  filtrate 
pH  8 

4.0  cm. 

L.  acidophilus 

Type  II 

L.  acidophilus  #  20 

+ 

3.1  cm. 

L.  acidophilus 

Type  II 

Ps.  aeruginosa 

+ 

2.5  cm. 

To  date  we  have  found  no  organisms  that  A.  aerogenes  eultures  will  in¬ 
hibit*  However,  there  are  several  org:anisms  which  will  inhibit  A.  aerogenes. 
In  this  g:roup,  successively,  are  the  L.  acidophilus,  then  hemolytic  Staphylococcus 
aureus  and  albus,  Proteus  vulgaris  and  some  strains  of  Sareina  (Table  II). 


Table  II 

Inhibition  of  A.  Aerooenes 


SEEDED  ON  AGAR 

INHIBITION  PRODUCED  BY 

GROWTH 

INHIBITION 

A.  aerogenes 

L.  acidophilus  #  20 

+ 

5.5  cm. 

A.  aerogenes 

L.  acidophilus  Type  II 

+ 

3.7  cm. 

A.  aerogenes 

L.  acidophilus  4646 

+ 

2.3  cm. 

A.  aerogenes 

L.  acidophilus  Type  I 

+ 

2.5  cm. 

A.  aerogenes 

L.  acidophilus  filtrate 
pH  5 

3.1  cm. 

A.  aerogenes 

Staph,  aureus 

+ 

4.2  cm. 

A.  aerogenes 

Staph,  albus 

+ 

4.7  cm. 

A.  aerogenes 

P.  vulgaris 

+ 

2.8  cm. 

A.  aerogenes 

Sareina 

+ 

2.4  cm. 

Other  organisms,  commonly  found  in  saliva,  were  tested  for  reciprocal 
antagonistic  influence.  Streptococcus,  neisseria,  pneumococcus,  yeast,  and  sub- 
tilis  produced  no  effect  with  either  L.  acidophilus  or  A.  aerogenes. 

P.  vulgaris  was  selected  to  test  the  possibility  of  proteolytic  activity  in- 
flueneing  inhibition.  It  was  found  that  it  had  no  effect  on  the  L.  acidophilus, 
but  it  did  inhibit  the  gro\s'th  of  A.  aerogenes. 

All  organisms,  with  the  exception  of  A.  aerogenes,  placed  within  the  cel- 
loidin  cup  continued  to  remain  viable  while  surrounded  by  another  growing 
organism.  A.  aerogenes  did  not  survive  when  surrounded  by  L.  acidophilus 
on  tomato  juice  agar  pH  5.  After  eighteen  to  twenty  hours  of  incubation,  the 
pH  of  both  the  agar  and  the  broth  culture  inside  the  cup  were  reduced  to  4.1. 
A.  aerogenes  will  not  grow  at  this  acidity. 


•Since  the  original  writing  of  thi.s  paper,  it  has  been  found  that  agar  plugs  surrounded 
by  poured  agar  can  replace  the  celloldin-Iined  wells.  Numerous  other  organisms  have  been 
tested  for  their  antagonistic  relationship  to  L.  acidephilus  and  A.  aeropenes. 

No  other  growing  organisms  were  found  that  would  inhibit  L.  acidophiUis.  However, 
L.  acidophilus  will  inhibit,  in  addition  to  those  organisms  previously  mentioned.  Salmonella 
typhosa,  Gaffyka  tetrayena,  Klebsiella  pneumoniae.  Staph,  citreus,  some  .strains  of  micrococcus, 
Sareina  lutea,  Serratia  marcescens.  and  Lactobacillus  casei. 

One  organism  was  found  to  be  inhibited  by  A.  •aerogenes.  This  was  Sareina  lutea. 

The  growth  of  A.  aerogenes  was  inhibited  also  by  L.  casei  and  very  slightly  by  some 
strains  of  micrococci. 

It  appears  that  L.  acidophilus  shows  the  greatest  inhibitory  influence  on  gram-negative 
organisms  of  the  family  Enterobacteriaceae  and  on  the  family  Micrococcaceae. 
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The  pH  was  measured  in  the  broth  culture  in  the  cup,  in  the  zone  of 
inhibition,  and  in  the  surrounding  media,  after  twenty-four-hour  incubation.  In 
all  cases,  the  pH  of  the  inhibition  zone  was  between  that  of  the  broth  and  that 
of  the  surrounding  agar.  When  A.  aerogenes  was  seeded  on  the  outside  agar, 
the  pH  of  the  agar  was  raised,  and  when  L.  acidophilus  was  placed  on  the  out- 
.side,  the  pH  of  the  agar  was  lowered. 

To  test  the  possibility  that  the  inhibition  was  caused  by  the  acid  carried 
into  the  cup  in  the  twenty-four-hour  broth  cultures,  fresh  broth  was  placed  in 
the  cup  and  inoculated  with  organisms  from  agar  slants.  The  results  were 
the  same. 

It  w^as  suggested  that  the  inhibition  of  A.  aerogenes  might  be  due  to  lactic 
acid  produced  by  L.  acidophilm  as  a  result  of  carbohydrate  degradation.  The 
normality  of  the  acid  produced  in  the  cup  by  organisms  that  inhibited  A. 
aerogenes  was  never  more  than  0.06  N.  When  a  0.4  N  solution  of  reagent  grade 
lactic  acid  adjusted  to  a  pH  of  4.6  with  sodium  hydroxide  was  placed  in  cups 
on  seeded  plates,  both  A.  aerogenes  and  L.  aHdophilus  were  inhiy)ited.  Less 
concentrated  solutions  of  lactic  acid  produced  no  inhibition.  It  would  there¬ 
fore  seem  that  L.  acidophilus  in  the  cup  did  not  form  sufficient  lactic  acid  to 
cause  the  inhibition  of  A.  aerogenes. 


CONCLUSION 

There  is  an  antagonism  lietween  some  of  the  organisms  commonly  found 
in  saliva : 

L.  acidophilus  inhibited  the  growth  of  A.  aerogenes  and  viable  A.  aerogenes 
did  not  inhibit  the  growth  of  L.  acidophilus. 

Filtrates  of  some  cultures  of  A.  aerogenes  will  inhibit  the  growth  of  L. 
acidophilus  and  filtrates  of  some  cultures  of  L.  acidophilus  will  inhibit  the 
growth  of  A.  aerogenes. 

The  degree  of  the  antagonistic  reaction  between  organisms  is  influenced  by 
the  pH  of  the  medium  in  which  the  organisms  are  grown. 
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OBSERVATIONS  ON  LACTOBACILLUS  COILNTS  AND  DENTAL  CARIES 
LN  MENTAL  PATIENTS  DURING  INSULIN  COMA  THERAPY 

SHOLOM  PP:ARLMAN,  D.D.S.,  WILLIAM  G.  SPRAGUE,  B.S.,  D.D.&., 

AND  RALPH  C.  BEST,  D.D.S. 

From  the  Institute  of  Pathology,  Western  Beserve  University,  and  Cleveland  State  Hospital, 

Cleveland,  Ohio 

SINCE  it  is  a  coninion  praetice  in  mental  institutions  to  administer  larjie  (juan- 
tities  of  sufrar  in  terminating  induced  therapeutic  insulin  coma,  it  appeared 
important  to  determine  whether  the  dental  health  of  patients  subjected  to  this 
treatment  would  he  affected  adversely.  In  the  present  investigation,  a  direct 
approach  to  this  problem  has  been  made  through  a  study  of  changes  in  clinical 
dental  caries  and  in  the  salivary  lactohacillus  counts  of  a  group  of  individuals 
undergoing  insulin  hypoglycemia  therapy  for  various  mental  disorders. 

While  it  cannot  he  concluded  that  Lactohacillus  acidophilus  is  the  primary 
etiological  agent  in  dental  caries,®  the  lactohacillus  count  has  been  generally  ac¬ 
cepted  as  an  indicator  of  .susceptibility  to  the  disease.  A  relationship  has  been 
found  between  the  number  of  lactohacilli  in  the  saliva  and  the  activity  of  the 
dental  caries  process.^'®’  ”  The  correlation  of  high  lactohacillus  counts  with 
caries  susceptibility  and  of  negative  counts  with  resistance  to  caries  has  been 
stated  to  be  90  per  cent  positive.® 

Experimental  studies  have  demonstrated  a  direct  I’elationship  between  pro¬ 
liferation  of  oral  lactohacilli,  increase  in  caries  activity,  and  sugar  consump¬ 
tion.®’  ®  Hill*  believes  that  this  interrelationship  is  shown  by  the  great  majority 
of  people. 

PROCEDURE 

Patients  admitted  to  the  hypoglycemia  ward  of  the  Cleveland  State  Hos¬ 
pital  were  observed  during  the  entire  course  of  their  therapy.  The  capacity  of 
the  ward  was  10  beds,  and  the  period  of  treatment  varied  from  two  to  thirteen 
weeks,  depending  upon  the  progress  of  the  subject,  so  that  it  was  po.s.sible  to 
collect  data  for  only  25  cases  in  seven  months  of  observation.  In  spite  of  at¬ 
tempts  to  exclude  patients  who  would  not  submit  to  regular  observation,  there 
are  gaps  in  the  available  data  which  result  from  temporary  indisposition  on  the 
part  of  many  of  the  subjects. 

Salivanf  analyses. — At  least  two  consecutive  daily  specimens  of  saliva  were 
obtained  for  bacterial  analysis  before  treatment,  in  order  to  establish  the  initial 
level  of  L.  acidophilus.  Analyses  were  performed  once  weekly  thereafter.  The 
samples  were  obtained  on  the  morning  following  a  day  on  which  no  treatment 
had  been  given  so  that  there  was  no  unusual  consumption  of  sugar  for  at  least 
36  hours  preceding  the  collection.  The  bacterial  counts  were  estimated  by  a 
modification  of  the  method  originally  described  by  Hadley.®  All  specimens  of 
.saliva  w’ere  collected  in  the  early  morning  before  any  food  or  drink  was  taken 
and  before  the  teeth  were  brushed.  The  subject  w’as  allowed  to  chew’  a  small 
piece  of  paraffin  w’ax  until  it  became  soft.  All  of  the  saliva  stimulated  by  con- 

This  work  was  aided  by  a  grant  from  the  Research  Fund  of  the  Division  of  Mental 
Hygiene,  Department  of  Public  W’elfare,  State  of  Ohio. 

Received  for  publication  August  19,  1948. 
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tinned  chewin^f  duriiif?  the  following  three  minutes  was  diseharfred  into  a 
sterile  bottle.  The  bottle  was  closed  tightly  and  was  kept  in  a  refrigerator  for 
3  or  4  hours  before  delivery  to  the  laboratory. 

A  sterile  technic  was  followed  during  the  analysis.  The  saliva  was  shaken 
vigorously  in  the  bottle  on  a  mechanical  device  which  produced  a  relatively 
homogeneous  suspension  in  a  few  seconds.  One-tenth  milliliter  of  a  1 :10  saline 
dilution  of  the  saliva  was  placed  on  tomato-juice  agar  media  and  was  spread  over 
the  surface  of  the  plate  with  a  glass  crook.  After  incubation  at  40°  C.  for  3 
days,  colonies  were  identified  grossly  or  microscopically  and  were  counted. 
The  count  was  expressed  as  the  number  of  organisms  per  milliliter  of  whole 
saliva. 

Clinical  examinations. — Before  therapy  was  instituted,  each  patient  was 
examined  with  the  aid  of  a  dental  mirror  and  exploring  tine.  Bite-wing  radi¬ 
ograms  were  taken  if  the  subject  was 'cooperative.  The  number  of  D.M.F. 
(decayed,  missing,  or  filled)  tooth  surfaces  was  recorded.  At  the  conclusion  of 
treatment  the  patient  was  re-examined  by  the  same  investigator,  and  changes 
were  noted  and  compared. 

Insulin. — The  treatment  was  given  on  five  mornings  each  week.  The  sub¬ 
jects  received  an  injection  of  commercial  insulin  at  7  a.m.,  and  by  9  a.m,  they 
were  usually  in  some  stage  of  hypoglycemic  coma.  After  30  to  60  minutes  in 
this  condition,  the  hypoglycemia  was  relieved  by  the  administration  of  some 
form  of  sugar  preparation.  The  dose  of  insulin  was  small  at  the  outset  but  it 
was  administered  in  increasing  amounts  at  each  treatment,  the  amount  of  the 
dose  depending  on  the  resistance  of  the  patient  to  the  induction  of  coma. 

Sxigar  solutions. — The  sugar  used  in  greatest  preponderance  was  sucrose. 
A  solution  was  prepared  volumetrically  by  adding  500  milliliters  of  granulated 
cane  sugar  to  an  equal  volume  of  tap  water.  The  mixture  was  .stirred  and  boiled 
for  a  few  minutes  to  hasten  dissolution  and  the  resulting  syrup  was  cooled  to 
tolerable  temperature  before  use.  The  degree  of  hydrolysis  of  the  sucrose  to  its 
monosaccharide  components  is  negligible  with  this  procedure. 

To  terminate  the  hypoglycemia,  the  sucrose  solution  was  administered  either 
from  a  cup  or  by  gavage  tube.  In  cases  where  the  patient  was  unable  to  cooperate 
for  oral  or  tube  administration,  a  small  dose  of  .sterile  gluco.se  solution  was 
injected  intravenously.  When  the  patient  had  become  more  rational  the  sucrose 
was  given  by  one  of  the  above  mentioned  means.  Each  subject  received  sucro.se 
solution  every  morning,  followed  by  additional  quantities  later  in  the  day  if  a 
relapse  into  hypoglycemia  occurred. 

Diet. — The  diet  supplied  to  these  patients  was  high  in  carbohydrate  content, 
and  the  portions  of  all  foods  were  unusually  large.  A  voracious  appetite  com¬ 
monly  develops  in  individuals  undergoing  insulin  therapy. 

Toothhrushing. — No  recommendations  were  made  regarding  toothbru.shing 
or  care  of  the  mouth. 

Records. — Records  were  kei)t  of  the  daily  dosage  of  insulin,  the  intake  of 
sugar  as  well  as  the  mode  of  its  administration,  lactobacillus  counts,  changes  in 
weight,  and  changes  in  the  oral  cavity. 
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OBSERVATIONS  AND  FINDINGS 

Salivary  analyses. — On  the  basis  of  their  initial  lactobacillus  counts  the 
subjects  could  be  divided  into  two  groups,  which  were  designated  A  and  B. 
Group  A  comprised  6  individuals  whose  saliva  contained  from  0  to  10,000  lacto- 
bacilli  per  milliliter;  Group  B  comprised  19  individuals  whose  counts  were  over 
10,000.  The  counts  for  all  cases  ranged  from  0  to  more  than  1,500,000. 


\^^eks  Afieir  Bec|i«riinc|  Tlicraptj 


Fig.  1. — Average  lactobacillus  count  in  thousands  by  weeks  after  beginning  of  insulin  therapy. 

The  mean  counts  calculated  for  each  week  of  active  therapy  are  presented 
in  graphic  form  in  Fig.  1.  The  gross  picture  for  all  cases  seemed  to  indicate 
that  the  mean  count  rose  progressively  from  week  to  week,  reached  a  peak  after 
five  weeks,  and  th^n  apparently  declined.  When  the  data  were  considered  by 
groups  it  became  evident  that  this  rise  could  be  attributed  to  the  patients  in 
Group  B,  who,  on  the  basis  of  their  counts,  would  be  expected  to  show  greater 
.susceptibility  to  caries.  The  subjects  in  Group  A  did  not  exhibit  a  rise  in  count 
sufficient  to  change  their  classification,  and  members  of  this  group  were  con¬ 
sidered  to  be  relatively  resistant  to  caries. 

The  data  for  the  susceptible  group  were  tested  for  stati.stical  significance, 
and  a  negative  result  was  obtained.  If  the  oral  lactohacilli  were  increased  by 
any  feature  of  the  therapy,  it  would  be  expected  that  the  number  of  rising  counts 
would  exceed  the  number  of  declining  counts.  The  number  and  percentage  of 
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cases  in  which  the  count  increased  over  the  initial  base  line,  and  also  over  the 
])recedin"  weekly  count,  ai)i)ear  in  Table  I.  Analysis  showed  that  these  values 
could  have  been  obtained  by  random  sainiilinj;.  In  consideration  of  the  small 
number  of  cases  under  study,  the  attachment  of  sijinificance  to  the  increase 
manifested  in  Fi«r.  1  is  not  justified  on  a  statistical  basis. 


Table  I 

Number  and  Pekcextaoe  oe  Cases  Whose  Lactobacillus  Count  Rose 
Consecutively  During  Therapy 


WEEKS 

1 

mm 

5 

mm 

Referred  to  initial 

9 

11 

5 

eount 

l(i 

15 

13 

wSm 

11 

1  10  1 

6 

Per  cent  rising 

56 

::i 

54 

6J 

45 

mm 

33 

Referred  to  previous 

9 

s 

4 

7 

5 

3 

count 

16 

1.1 

11 

12 

9 

7 

Per  cent  rising 

5(5 

(52 

36 

5^ 

5(> 

1  50 

1  43 

43 

The  denominator  of  each  fractional  expression  represents  the  number  of  cases  for  whom 
counts  were  obtained  on  consecutive  weeks ;  the  numerator  represents  the  number  of  counts  in 
each  group  that  were  higher  than  their  respective  level  of  reference. 


Clinical  caries. — Final  examinations  could  he  performed  on  only  11  subjects. 
The  net  increases  in  number  of  D.^I.F.  surfaces  are  given  in  Table  II.  The 
number  of  subjects  was  too  small  to  permit  the  drawing  of  a  definite  conclusion, 
and  no  statistical  difference  between  the  two  groups  could  be  demonstrated. 
While  it  was  not  possible  to  secure  adequate  comparable  controls,  it  is  the  opinion 
of  the  authors  that  the  net  D.M.F.  values  are  considerably  higher  than  those 
which  might  be  expected  in  normal  populations  over  similar  short  periods  of  time. 

Table  II 

Net  Increases  in  D.M.P.  Surfaces  After  Conclusion  of  Insulin  Coma  Therapy 


GROUP  A 

GROUP  B 

CASE 

(LOW-COUNT) 

(HIGH-COUNT) 

1 

3 

19 

0 

5 

2 

13 

22 

15 

6 

16 

11 

17 

0 

18 

6 

19 

9 

23 

18 

25 

28 

Total 

.11 

90 

Mean  per  person 

10.3 

11.25 

Sugar  consumption. — The  weekly  intake  of  sugar  solutions  ranged  from 
2,500  to  5,000  milliliters  in  different  patients.  This  is  equivalent  to  3  to  6.5 
pounds  of  sugar  per  week,  in  addition  to  that  normally  present  in  the  high 
carbohydrate  diet  which  these  patients  received.  The  maximum  total  amount 
of  sugar  consumed  here  is  probably  not  exceeded  by  the  most  avid  consumers 
of  candy  in  normal  populations. 

Xo  subject  received  sugar  by  only  one  of  the  i>athways  described,  and  no 
correlation  could  he  found  between  the  individual  lactohacillus  counts,  clinical 
caries,  and  the  mode  of  sugar  administration. 
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Insulin. — The  quantity  of  insulin  administered  to  each  patient  was  increased 
until  a  level  was  reached,  usually  within  the  first  week,  at  which  the  patient 
went  into  coma.  The  recorded  doses  were  added  by  weeks  and  the  mean  weekly 
dose  was  calculated  for  each  patient.  The  value  of  the  mean  weekly  dose  raiifjed 
from  521  units  to  7,043  units.  The  average  mean  weekly  dose  for  all  25  cases 
was  2,075,  with  a  standard  deviation  of  1,325. 

The  averag:e  mean  weekly  dose  for  Group  A  was  1,410  with  a  standard 
deviation  of  340,  and  for  Group  B  it  was  2,285  units  with  a  standard  deviation 
of  346.  The  difference  between  these  values  was  tested  for  sip:nificance.  The 
critical  ratio  was  2.36.  The  probability  that  this  difference  would  be  reached  or 
exceeded  by  chance  was  found  to  be  0.02,  or  1  in  50.  The  findinj^s  were  consid¬ 
ered  significant. 

The  numbers  of  cases  in  each  g^roup,  whose  mean  weekly  insulin  dose  was 
above  or  below  the  ^rand  mean  for  all  cases,  are  presented  in  Table  III.  This 
result  was  evaluated  by  the  Chi-square  test,  and  the  probability  that  the  observed 
values  were  independent  of  each  other  was  found  to  be  0.02.  This  further  con¬ 
firmed  the  significance  of  the  findings. 


Table  III 

Distribution  op  Cases  by  Groups  With  Respect  to  the  Averaoe  Mean  Weekly 
Insulin  Dose  for  All  Cases 


GROUP  A 
(LOW-COUNT) 

GROUP  B 
(HIGH-COUNT) 

Number  above  the  mean 

0 

10 

Number  lielow  the  mean 

6 

9 

It  may  be  stated,  therefore,  that  in  this  study  a  definite  correlation  has 
been  found  between  a  low  initial  lactobacillus  count  and  the  relative  sensitivity 
of  the  patient  to  induced  insulin  coma. 


DISCUSSION 

While  the  technical  variation  in  lactobacillus  counts  throws  some  question 
upon  the  reliability  of  this  method  as  a  quantitative  test  for  caries  susceptibil¬ 
ity,’®  it  is  of  interest  to  note  that  no  increase  in  count  was  manifested  by  patients 
in  Group  A  during  their  exposure  to  the  sucrose  solution,  even  though  lactobacilli 
frequently  were  present  in  numbers  sufficient  to  serve  as  adequate  in  vivo 
inocula.  Since  the  substrate  was  supplied  generously  to  all  mouths,  it  appears 
that  some  unknown,  and  perhaps  transient,  resistant  factor  may  have  been 
operating  in  Group  A  to  prevent  proliferation  of  the  organisms.  It  should  also 
be  noted  that  Case  3  (Table  II),  whose  count  was  below  500  during  treatment, 
had  a  count  of  200,000  when  examined  two  months  after  .treatment  had  been 
discontinued.  It  was  not  possible  to  determine  when  the  new  carious  lesions 
developed. 

The  correlation  between  lactobacillus  counts  and  insulin  dosage  was  unfore- 
.seen.  There  was  no  quantitative  relationship  between  the  magnitude  of  the 
counts  and  the  actual  dosage  of  insulin.  No  exiilanation  is  offered  regarding 
this  phenomenon.  Further  study  is  indicated  to  determine  whether  the  low 
counts  are  associated  with  a  sensitivity  to  insulin  per  se  or  with  a  resistance  to 
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coma  when  the  hlomi  sufjar  has  been  lowered  by  the  insulin,  and  also  to  ascertain 
whether  the  count  may  he  used  to  predict  the  approximate  dose  of  insulin  that 
will  produce  coma  in  the  subject.  The  necessity  of  obtaining  larger  numl)ers  of 
experimental  and  control  subjects  for  proper  evaluation  of  future  observations 
has  been  recognized. 

SUMMARY 

1.  Salivary'  analyses  of  mental  patients  In'fore  hypoglycemia  therapy  in¬ 
dicated  that  they  could  l)e  divided  into  two  distinct  classes  on  the  basis  of  their 
lactobacillus  counts.  Those  with  less  than  10,000  lactobacilli  per  milliliter  were 
designated  as  “low-count,”  while  those  with  10,000  or  more  lactobacilli  per 
milliliter  were  designated  as  “high-count.” 

2.  An  apparent  rise  which  was  obsened  in  the  weekly  lactobacillus  counts 
of  the  high-count  group  was  not  statistically  significant.  However,  no  rise  in 
count  w’as  observed  in  the  low'-count  group. 

3.  The  incidence  of  new  clinical  caries  during  the  i)eriod  of  treatment  was 
not  significantly  greater  nor  more  extensive  in  either  group. 

4.  No  significant  correlation  eould  be  demonstrated  between  the  magnitude 
of  the  sugar  intake  and  the  development  of  new  caries  in  either  group. 

5.  The  dosage  of  insulin  required  to  produce  coma  was  consistently  lower 
in  the  low^-count  group  than  the  grand  mean  dosage  for  all  cases.  The  insulin 
dosages  for  the  high-count  group  varied  at  random  with  respect  to  the  grand 
mean.  All  cases  whose  insulin  dosage  was  greater  than  the  mean  were  members 
of  the  high-count  group.  These  findings  w’ere  significant  by  statistical  tests. 

The  authors  are  grateful  to  Dr.  Maurice  B.  Gordon,  Clinical  Director,  and  Dr.  Anthony 

H.  Wichert,  Chief  of  Dental  Department  of  the  Cleveland  State  Hospital,  for  their  coopera¬ 
tion,  and  particularly  to  Dr.  Thomas  J.  Hill  of  t!.e  Institute  of  Pathology,  who  made  many 
important  suggestions  throughout  the  course  of  the  investigation. 
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OBSERVATIONS  ON  EXPERIMENTAL  DENTAL  CARIES 
III.  The  Effect  of  Dietary  Lactic  Acid 
HUMBKKTO  GRANADOS,  JOHS.  GLAVINI),  AND  HENRIK  DAM 
Department  of  Biology,  Polytechnic  Institute,  Copenhagen,  Denmark 

The  decalcification  of  enamel  by  acids  of  bacterial  oiifiin,  particularly  lactic 
acid,‘  is  still  thought  by  many  investigators  to  be  the  original  lesion  in  dental 
caries.  McClure^  has  observed  a  pronounced  destructive  effect  of  dilute  solu¬ 
tions  of  hydrochloric  and  lactic  acids  on  the  enamel  and  dentin  of  rat  molars, 
(lortner,  Restarski,  Bieri,  and  McCay^  have  also  shown  that  drinking  solutions 
of  lactic  and  other  acids  produces  maiked  decalcification  of  the  rat  and  hamster 
molars. 

On  the  other  hand,  (Jortner,  ^McCay,  Restarski,  and  Schlack^  have  observed 
that  oxalic  acid  solutions,  unlike  solutions  of  other  acids,  do  not  jiroduce  etching 
of  the  rat  enamel.  On  the  contrary,  oxalic  acid  or  its  sodium  salt  diminishes 
or  prevents  the  enamel  decalcification  that  might  be  expected  by  the  simultane¬ 
ous  ingestion  of  phosphoric  acid  and  citric  acid  solutions.  This  ]>rotectivc  lole 
of  oxalic  acid  against  enamel  decalcification  was  found  to  be  due  to  the  formation 
of  calculuslike  deposits,  presumably  of  calcium  oxalate,  on  the  molars.  Taking 
into  consideration  these  and  some  other  observations,  Schlack,  Howell,  Taylor, 
Berzinskas,  and  Aborn"’®  have  investigated  the  effect  of  oxalates,  administered 
in  the  food  and  in  the  drinking  water,  on  caries  activity  in  the  albino  and  cotton 
rats.  These  workers  found  no  protective  action  of  the  oxalates  again.st  the 
incidence  or  extent  of  carious  lesions. 

We  are  reporting  here  the  results  of  an  ex])eriment  on  the  effect  of  dietary 
lactic  acid,  incorjiorated  in  the  food,  and  in  the  drinking  water,  on  caries 
activity  in  the  hamster. 

EXPERIMENTAL 

Forty-five  Syrian  hamsters,  between  21  and  2r)  days  of  age,  from  litters  of 
a  colony  maintained  on  a  diet  of  Purina  Laboratory  Chow*  and  raw  milk,  were 
distributed  into  three  groups  of  fifteen  animals  each  (eight  males  and  seven 
females).  The  animals  were  set  in  screen  bottom  cages  without  bedding,  and 
reared  for  100  days  on  the  following  rations: 

Croup  1  (Diet  1):  ground  yellow  cornt  40  per  cent,  sucrose  20  per  cent, 
cornstarch  5  per  cent,  potato  starch  5  per  cent,  powdered  whole  milk  19  jier  cent, 
ether-extracted  3’east  5  per  cent,  alfalfa  meal  5  per  cent,  and  sodium  chloride 
1  per  cent. 

Group  2  (Diet  2)  :  to  each  100  gm.  of  Diet  1  were  added,  and  thoroughly 
mixed,  0.057  c.c.  of  lactic  acid  (80  per  cent).  Croups  1  and  2  were  given  dis¬ 
tilled  water  to  drink. 

Received  for  publication.  August  6,  1918. 
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IThe  particle  size  of  the  ground  vellow  corn  was  distributed  as  follows:  100  per  cent 
through  a  12.5-mesh  screen:  63  per  cent  through  a  25-niesh  screen,  and  31  per  cent  through  a 
50-mesh  screen. 
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fiFoup  3  (Diet  3) :  this  group  was  fed  Diet  1,  but  here  each  100  c.c.  of  the 
distilled  water  given  to  drink  eontained  0.050  c.c.  of  lactic  acid  (80  per  cent). 
The  diets  as  well  as  the  drinking  fluids  were  all  available  ad  libitum,  and  the 
animals  were  weighed  every  week.  These  experiments  were  carried  out  between 
the  months  of  November  and  February'. 

The  amounts  of  lactic  acid  given  in  the  diet  to  Droup  2  and  that  supplied 
in  the  water  to  Group  3  were  calculated  in  such  a  way  that  the  animals  of  these 
two  groups  would  ingest  daily  the  same  amount  of  lactic  acid.  This  calculation 
was  made  after  observation  of  the  average  daily  amount  of  food  and  water  con¬ 
sumed  by  the  hamster.  The  pH  of  the  diets  mixed  with  distilled  water  was 
determined  with  a  glass-electrode  potentiometer.  The  diets  and  the  fluids  had 
the  following  pH:  Diet  1,  5.55;  Diet  2,  5.12;  distilled  water,  6.8;  distilled  water 
j-  lactic  acid,  3.1.  Throughout  the  whole  experimental  period  the  lactic  acid  was 
added  to  the  food  (Diet  2)  and  to  the  water  (Diet  3)  every  day. 

On  completion  of  the  experimental  period  the  animals  were  sacriflced  and 
autopsy  was  perfonned  on  them.  After  fixation  in  10  per  cent  formalin,  the 
jaws  were  prepared  for  examination  in  the  usual  way.  The  degree  of  enamel 
decalcification  was  evaluated  in  accord  with  the  method  devised  by  Restarski, 
Gortner,  and  McCay,^  and  the  carious  lesions  were  recorded  and  scored  using 
the  chart  described  by  Keyes.®  Ground  .sections  were  prepared  from  several 
molars  of  the  different  groups. 

RESULTS 

The  animals  from  the  three  groups  exhibited  the  same  healthy  appearance. 
Likewise,  the  growth  rate  of  the  three  groups  was  es.sentially  the  same,  as  it  can 
be  seen  in  Fig.  1.  H0llgaard,  Lorenzen,  Hansen,  and  Chri.stensen*’  have  re- 
l)orted  that  lactic  acid,  either  incorporated  in  the  diet  or  formed  in  the  intestines 
in  increased  amounts  by  ingestion  of  skim  milk  acidified  with  lactobacillus,  pro¬ 
duces  in  the  pig  a  marked  increase  in  the  absorption  of  calcium  and  phosphorus, 
and  considerably  promotes  the  growth  and  health  of  this  animal.  However, 
under  the  conditions  of  our  experiment  we  found  that,  in  the  hamster  dietary, 
lactic  acid  does  not  improve  the  growth  or  health  of  the  animal.  This  difference 
may  be  due  to  the  fact  that  all  or  most  of  the  lactic  acid  supplied  to  the  hamsters 
was  constantly  neutralized  or  combined  in  such  a  way  that  it  could  not  reach 
the  inte.stines  in  the  free  state,  and  there  exert  any  apparent  beneficial  action 
on  the  growth.  Otherwise,  some  physiological  and  biochemical  differences  with 
resi)ect  to  lactic  acid  that  might  exist  between  the  two  animal  orders  could 
account  for  this  discrepancy. 

The  autopsy  revealed  no  gross  changes  other  than  those  found  in  the  oral 
cavity.  Various  degrees  of  alveolar  resorption  were  found  in  several  animals, 
but  there  was  not  significant  difference  in  the  incidence  or  extent  of  resorption 
among  the  three  groups. 

In  Group  1  the  common  yellow-brown  stain  of  the  enamel  cuticle,  unrelated 
to  caries  activity,  was  found  on  all  surfaces  of  the  molars.  In  this  group  there 
was  no  evidence  of  enamel  decalcification  in  any  of  the  molar  surfaces  (grade  0). 
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In  Group  2  the  stain  was  present  mainly  on  the  lingual  surfaces  of  both  upper 
and  lower  molars.  Some  buccal  and  many  occlusal  surfaces  appeared  stainless 
and  slightly  chalky;  this  was  especially  true  in  the  occlusal  fossae.  This  indicates 
that  the  lactic  acid  incorporated  in  the  food  acted,  at  least  slightly,  on  the 
enamel  of  those  surfaces  which  are  most  favorable  for  food  retention.  In  accord 
wdth  Restarski,  Gortner,  and  McCay’s  method'  this  group  was  also  grade  0. 
In  Group  3  the  stain  was  almost  completely  absent.  The  enamel  of  most  surfaces 
appeared  stainless,  somewhat  chalky,  and  sometimes  slightly  etched.  The  cusps 
of  the  molars  appeared  somewhat  shorter,  thus  giving  a  shallower  appearance 
to  the  fos.sae.  In  this  group,  furthermore,  lines  of  fracture  and  brittleness  of 


the  enamel  were  frequently  observed.  It  is  apparent  that  all  these  changes, 
found  in  both  jaws  with  about  the  same  intensity,  were  due  to  the  lactic  acid 
contained  in  the  water  given  to  Group  3.  The  enamel  decalcification  of  Ihe 
lingual  surfaces  in  this  group  was  grade  2. 

As  it  can  be  seen  from  Table  I,  there  was  no  significant  difference  at  all  in 
the  incidence  or  extent  of  carious  lesions  among  the  three  groups.  Comparing 
the  caries  activity  in  the  two  jaws  (Table  II),  Group  1  exhibited  slightly  higher 
incidence  and  extent  of  lesions  in  the  maxilla.  In  Group  2  the  caries  activity 
also  was  significantly  higher  in  the  maxilla.  In  Group  3  the  incidence  of  lesions 
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was  only  slightly  higher  in  the  maxilla,  but  the  extent  of  the  lesions  was  signifi¬ 
cantly  higher  than  in  the  mandible.  Comparing  the  incidenee  of  occlusal,  buccal, 
and  lingual  carious  lesions  in  the  various  groups.  Table  III  show’s  that  the 
lingual  surfaces  w’ere  the  least  affected  in  all  the  three  groups,  and  that  there 
was  a  significant  higher  incidence  of  lesions  in  the  occlusal  than  in  the  buccal 
surfaces,  this  being  especially  so  in  Group  2. 


Table  I 

Caries  Incidence  in  the  Three  Grocps 


GROUP  1  1 

GROUP  2  1 

GROUP  3 

S  $ 

9  9 

5  «  +  9  9 

$  $ 

9  9 

$  $  +  99 

$  $ 

9  9 

S  $  +  99 

Numlier  of  experi¬ 
mental  animals 

8 

7 

15 

8 

7 

15 

7* 

7 

14 

Numlier  of  animals 
affected 

8 

7 

15 

8 

7 

15 

7 

7 

14 

Number  of  carious 
molars 

62 

62 

124 

62 

51 

113 

57 

60 

117 

Average  numlier  of 
carious  molars 

7.7 

8.8 

8.2 

777 

7.3 

7.5 

8.1 

8.6 

8.3 

Number  of  carious 
lesions 

90 

90 

180 

98 

73 

171 

90 

89 

179 

Average  number  of 
carious  lesions 

11.2 

12.8 

12 

12.3 

11.4 

12.9 

12.7 

12.8 

Average  scores  of 
carious  lesions 

7.0 

6.8 

6.9 

8.7 

5.9 

7.3 

■1 

7.9 

7.9 

*One  of  the  eight  original  males  of  this  group  died  at  the  beginning  of  the  experiment. 


Table  I  also  shows  that  although  in  Group  2  there  was  a  higher  incidence 
and  extent  of  caries  in  the  males  than  in  the  females,  this  was  not  the  ease  in 
Groups  1  and  3.  Thus,  in  these  experiments,  no  sex  difference  was  consistently 
found  in  relation  to  caries  activity.  Through  the  microscopic  study  of  ground 
sections,  signs  of  acid  action  (transverse  striations  of  the  prisms,  cloudy  enamel) 
were  found,  combined  or  not  w’ith  caries,  at  the  verj’  bottom  of  many  occlusal 
fossae  in  Groups  2  and  3. 


Table  II 

CARIE.S  Incidence  in  the  Two  Jaw’s 


GROUP  1 

15  ANIMALS 

GROUP  2 

15  ANIMALS 

GROUP  3 

14  animals 

MAXIL. 

MANDIB. 

MAXIL. 

MANDIB. 

MAXIL. 

MANDIB. 

Numlier  of  carious  molars 

67 

57 

70 

43 

66 

51 

Average  numl)er  of  carious  molars 

4.5 

3.8 

4.7 

2.9 

4.7 

3.6 

Numl)er  of  carious  lesions 

93 

87 

106 

65 

96 

83 

Average  number  of  carious  lesions 

6.2 

5.8 

7 

4.3 

6.9 

5.9 

.\verage  scores  of  carious  lesions 

7.3 

6.8 

104 

4.5 

8.5 

4.8 

Table  III 

Percentage  of  Occlusal,  Buccal,  and  Lingual  Carious  Lesions  in  the  Three  Groups 


LESIONS 

GROUP  1 

GROUP  2 

GROUP  3 

Occlusal 

76.2 

88.3 

76.0 

Buccal 

22.6 

9.4 

22.9 

Lingual 

1.2 

2.3 

1.1 

1 
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,  DISCUSSION 

The  incidence  of  caries  in  the  various  surfaces  in  the  three  fii’oups  may  he 
compared  and  correlated  with  the  signs  of  enamel  decalcification  present  in  cer¬ 
tain  surfaces  in  Groups  2  and  3.  Groups  1  (water)  and  3  (lactic  acid  in  the 
water)  exhibited  essentially  the  same  incidence  of  caries  in  the  various  surfaces. 
Thus  the  lactic  acid  solution  given  to  Gorup  3  was  able  to  produce  an  enamel 
decalcification  which  did  not  alter  the  susceptibility  of  the  decalcified  surfaces 
to  dental  caries.  On  the  other  hand,  in  Group  2  (lactic  acid  in  the  food),  the 
occlusal  surfaces,  being  le.ss  affected  by  acid  than  in  (Jroup  3  hut  more  than  in 
Group  1,  exhibited  higher  caries  incidence  than  in  CJroups  1  and  3,  at  expenses 
of  much  lower  incidence  in  the  buccal  surfaces  (Table  III).  This  difference, 
the  origin  of  which  is  not  clear,  is,  however,  within  nearly  the  same  total  inci¬ 
dence  and  extent  of  caries  present  in  all  the  three  groups. 

Thus,  under  the  conditions  of  our  experiment,  dietary  lactic  acid  producetl 
enamel  decaleification  but  failed  to  alter,  in  any  direction,  the  incidence  or  extent 
of  carious  lesions.  On  the  other  hand,  if  the  incidence  of  caries  were  to  he  at 
least  partiality  increased  by  the  jiresence  of  lactic  acid  in  the  bottom  of  the 
occlusal  fossae,  one  could  say  that  Group  2  exhibited  a  higher  incidence  of 
occlusal  lesions  than  the  other  groups;  for  in  Group  2  the  lactic  acid  mixed  in 
the  food  was  forced  rapidly  during  the  process  of  mastication  into  the  occlusal 
fossae,  without  the  saliva  having  had  time  to  neutralize  it.  Perhaps  this  might 
explain  the  higher  incidence  of  occlusal  cavities  in  Group  2,  but  not  the  decrease 
of  buccal  lesions  in  this  group  (Table  III)  to  a  level  far  below  the  percentage 
of  buccal  lesions  in  Groups  1  and  3. 

The  fact  that  we  found  gross  and  microscopic  evidence  of  acid  action  in 
many  occlusal  fossae,  including  the  bottom  of  them,  and  combined  or  not  with 
caries,  in  Groups  2  and  3,  leaves  no  doubt  that  the  dietarj-  lactic  acid  in  many 
instances  reached  the  bottom  of  the  fos.sae.  In  spite  of  this,  we  have  seen  that 
there  was  no  significant  difference  in  the  incidence  or  extent  of  lesions  among 
the  three  groups.  This  fact  shows  that,  in  these  experiments,  the  dietary  lactic- 
acid,  which  could  reach  even  the  bottom  of  the  fossae,  did  not  play  any  important 
role  in  the  development  or  progress  of  dental  caries. 

SUMMARY 

The  effect  of  dietarj-  lactic  acid  on  dental  caries  was  studied  in  three  groups 
of  newly  weaned  hamsters,  w-hich  cvere  reared  for  100  days  on  the  exiierimental 
diets.  Group  1  (control)  was  fed  the  cariogenie  ration,  and  distilled  water. 
Group  2  received  the  cariogenie  diet  to  which  had  been  added  0.057  c.c.  of  lactic 
acid  (80  per  cent)  per  100  gm.  of  food,  and  distilled  water.  Group  3  was  fed 
the  cariogenie  diet,  and  distilled  water  to  which  had  been  added  0.050  c.c.  of 
lactic  acid  (80  per  cent)  per  100  c.c.  of  water. 

No  .significant  differences  were  found  in  the  incidence  or  extent  of  carious 
lesions  among  the  three  groups.  The  animals  from  all  the  groups  exhibited 
essentially  the  same  health  appearance  and  the  same  growth  rate. 
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IN  VITRO  STUDIES  OF  THE  DENTAL  CARIES  INHIBITING 
PROPERTIES  OP  SOME  SELECTED  NITROFURAN 
COMPOUNDS 

SAMUEL  DREIZEN,  D.D.S.,  HENRY  I.  GREENE,  D.D.S.,  AND 
TOM  D.  SPIES,  M.D. 

Northu'cstcrn  University  Studies  in  Nutrition  at  the  Hillman  Hosintal,  Birminyham,  Ala. 
From  the  Department  of  Nutrition  and  Metabolism,  Northwestern  University,  Chicago,  Ill. 

WHILE  the  precise  etiology  of  dental  caries  is  still  a  matter  of  conjecture; 

there  is  widespread  agreement  that  dental  decay  is  essentially  a  posterup- 
tive  disease  which  affects  the  calcified  tissues  of  the  teeth.  The  mechanism 
appears  to  be,  in  part  at  least,  a  dissolution  of  the  inorganic  salts  of  the  tooth 
associated  with  a  decomposition  of  the  organic  matrix.  The  lesions  develop 
predominantly  in  the  regions  of  the  pits  and  fissures,  gingival  third,  and  near 
the  contact  points  of  the  teeth.  Irrespective  of  the  anatomical  location,  however, 
the  caries  process  begins  at  the  external  surface  of  the  tooth  and  extends  into  the 
structure.^  The  dissolution  of  the  tooth  structure  is  believed  to  result  from  the 
acids  produced  during  the  fermentation  of  ingested  foodstuffs  by  certain  acido- 
genic  microorganisms  present  in  the  mouth.  The  dental  enamel  as  well  as  the 
dentin  and  cementum  is  composed  principally  of  complex  calcium  salts  which 
by  their  very  nature  are  insoluble  in  saliva  but  soluble  in  acids.  Since  the 
enamel-producing  ameloblastic  layer  of  cells  disappears  following  the  eruption 
and  articulation  of  a  tooth,  enamel  once  dissolved  cannot  be  regenerated.  Pre¬ 
vention  of  the  dissolution  of  enamel  has  become,  therefore,  a  prime  requisite  in 
the  control  of  dental  caries. 

The  demonstration  by  Dodd  and  Stillman,^  that  certain  furan  derivatives 
exerted  a  bacteriocidal  and  bacteriostatic  action  in  vitro  against  a  number  of 
gram-negative  and  gram-positive  pathogenic  bacteria  when  a  nitro  group  was 
added  to  position  5  in  the  furan  ring  (Fig.  1),  suggested  to  the  authors  that  the 
^  nitrofurans  may  have  value  in  the  prevention  and  control  of  dental  caries.  The 
clinical  findings  of  Snyder,  Kiehn,  and  Christopherson®  and  Downing,  Hanson 
and  Lamb*  among  others  showed  that  one  of  the  nitrofuran  compounds  was  effec¬ 
tive  as  an  antibacterial  agent  in  vivo.  In  these  and  other  reported  in  vivo  studies, 
Pnranin  (5-nitro-2-furaldehyde  semicarbazone)  (Fig.  1)  has  been  the  compound 
of  choice  because  of  its  stability,  low  toxicity,  and  nonirritating  qualities.  In 
addition,  its  antibacterial  activity  is  not  reduced  in  the  presence  of  organic 
matter,  and  it  has  been  ingested  by  man  in  quantities  of  300  milligrams  per  day 
without  any  discernible  toxic  effects.®’  ® 

Preliminary  investigations  performed  in  our  laboratory  revealed  that  the 
addition  of  500  mierograms  of  5-nitro-2-furaldehyde  semicarbazone  to  10  c.c. 
aliquots  of  human  saliva  completely  inhibited  acid  production  in  vitro  in  64  per 

These  studies  were  supported  by  grants  from  Eaton  Laboratories,  Inc. 

Received  for  publication  September  20,  1948. 


Volume  28  NITROFURAX  COMPOUNDS:  CARIES-INHIBITING  PROPERTIES 

Number  3 


289 


cent  of  the  cases  in  which  caries  activity  was  present  in  the  control  aliqnot,  as 
evidenced  by  the  Fosdick,  Hansen,  and  Epple  test/  The  addition  of  either  1  mg. 
or  2  mg.  quantities  of  this  compound  completely  prevented  acid  production  in 
94  per  cent  and  100  per  cent,  respectively,  of  the  samples  which  were  caries  active. 

' — .^The  present  in  vitro  study  was  undertaken  to  compare  the  inhibitory  effects  of 
Furacin  and  nine  related  nitrofuran  compounds*  on  acid  production  in  the 
saliva  and  on  the  growth  and  acid  production  of  a  pure  culture  of  a  strain  of  the 
Lactobacillus  acidophilus  recovered  from  a  carious  lesion.  The  nine  compounds 
used,  in  addition  to  Furacin,  were  5-nitro-2-furaldoxime,  5-nitro-2-furyl  n-amyl 
ketone,  5-nitro-2-furaldehyde-2-B-methyl  semicarbazone,  5-nitro-2-furaldehyde 
acetyl  hydrazone,  5-nitro-2-furaldehyde-2-B-hydroxyethyl  semicarbazone,  5-nitro- 
2-furaldehyde-  (5'-B-hydroxethyl)  -semioxamazone,  5-nitro-2-furfurylidene  ace¬ 
tone  semicarbazone,  5-nitro-2-furaldehyde  acethydrazone  trimethyl  ammonium 
chloride,  and  the  semicarbazone  of  2-(5  nitrofuryl)-B-piperidino-ethyl  ketone 
hydrochloride.  Each  of  them  differed  from  Furacin  per  se  in  the  composition  of 
the  side  chain  on  the  furan  ring,  as  can  be  seen  in  Fig.  2. 


s  NNHCONH, 

5  -NITQO  -  2-FuftALDEHYDE  iE  M  ICAR6  AZONC 
(FURACIN  ) 

Fig.  1. — Structural  formula  of  Furacin. 

MATERIALS  AND  METHODS 

The  Fosdick,  Hansen,  and  Epple^  test  for  dental  caries  activity  was  chosen 
to  study  the  effect  of  the  ten  selected  nitrofuran  compounds  on  acid  production 
in  the  saliva.  In  this  test  the  degree  of  dental  caries  activity  is  determined  by 
analyzing  two  10  e.c.  aliquots  of  a  saliva  sample  for  soluble  calcium.  One  aliquot 
is  tested  immediately  following  the  collection  of  the  sample,  while  the  second  is 
added  to  a  sterile  brown  vial  containing  dextrose  and  tricalcium  phosphate.  The 
vials  are  sealed  and  agitated  for  four  hours  in  a  shaker  apparatus  submerged  in 
a  water  bath  which  is  maintained  at  37°  Centigrade.  The  difference  in  the 
amounts  of  soluble  calcium  recovered  from  the  incubated  and  unincubated  ali¬ 
quots  offers  a  measure  of  the  degree  of  dental  caries  activity. 

Sixty  samples  of  50  c.c.  of  paraffin-stimulated  saliva  were  collected  in  sterile 
flasks  from  forty-three  patients  referred  by  local  practitioners  for  dietarj’  con¬ 
trol  of  dental  caries,  and  from  eight  members  of  the  staff  of  the  Nutrition  Clinic, 
each  of  whom  had  clinical  and  laboratory  evidence  of  recent  dental  caries  activ¬ 
ity.  Nine  of  the  patients  submitted  two  samples  each. 

To  determine  the  comparative  effect  of  the  ten  selected  nitrofuran  com¬ 
pounds  on  acid  production,  each  was  added  in  amounts  of  500  micrograms  per 
10  c.c.  of  saliva.  The  number  of  saliva  samples  to  which  each  of  the  test  com¬ 
pounds  was  added  is  shown  in  Fig.  3.  The  amounts  of  soluble  calcium  recovered 

•At  the  request  of  the  authors,  the  nitrofurans  employed  in  these  studies  were  selected 
and  supplied  by  Dr.  W.  B.  Stillman  and  Dr.  L».  E.  Daily  of  the  Eaton  Laboratories. 
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from  the  aliquots  containing  the  nitrofuran  compounds  were  compared  with 
those  obtained  from  untreated  aliquots  of  the  same  saliva  samples  which  served 
as  the  controls.  This  method  has  been  described  in  detail  in  a  previous  pub¬ 
lication.® 


5  •  nitrp  -  2  -  f wr^l  n*om^l  kptonp 


CH. 

-CO  -NHt 

o 

S  ~  nifro  ~  2  ~  f  uroldchydc  ipmicorbozon* 


-CM, 

NNM-CO>NH| 

5- nitfo*  2  -  ocpfonp  a«micorbOfton« 


n 

0,N  ^  CM-CH-C- 

O 

J- 

o,nI^  Jcm-n- 

o 

9ld«hyd«  oc«thy« 

p^nI^  Jc-CM,-CMt-N;^ 


-CO'CH,N(CHj)| 

Cl 

3  .  2  •  fwreld«hyd«  occthjfdroton*  ehloridd 

MCI 

^  N-NHCONHa 

5*m.«orbozeo«  of  2-<S  h*dcochlof id* 


},N  jl  CM-N-NH-CO-CH, 


-  2  *  fwroidcKyd*  ocptyl  hydrdxon* 


>»nII  ^ch«n-n-co-nm. 


3  -  nitre  •  2  -  f  »rolde*i»d#  -  2  -j3  -  h^dro«j€th))l  .lemicer  betone 


CM-N-NM-CO  -  CO  -NM  •  CM,-  CM,  OH 


3-  eltre  -  2  -  fereldehyde  h^dror^ethyl )-  jemloEoinoione 


Fig.  2. — The  selected  nitrofurans  were  all  related  to  Furacin  but  differed  from  it  in  the  chemical 
composition  of  the  side  chain  on  the  furan  ring. 
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growth  and  acid  production  of  a  pure  culture  of  a  strain  of  the  L.  acidophilus 
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recovered  from  a  carious  lesion,  10  series  of  tubes  were  inoculated  with  a  washed 
suspension  of  a  24-hour  culture  of  the  test  organism  {LactohaHUus  acidophilus 
“Hadley,”  American  Type  Culture  Collection  #4646).  Each  tube  in  each  series 
contained  10  c.e.  of  yeast-extract  dextrose  broth,  one  droj)  of  inoculum,  and  the 
test  compound  in  an  amount  ran^iii"  from  0.5  m^.  to  5.0  ni":.  per  tube.  The 
manner  of  the  preparation  of  the  inoculum  and  of  the  yeast-extract  dextrose 
hroth  which  served  as  the  special  medium  has  been  presented  in  detail  in  a  pre¬ 
vious  publication.®  Each  series  was  set  up  in  triplicate  and  incubated  at  37° 
Centigrade.  Readings  of  growth  and  acid  production  were  taken  at  the  end  of 
24,  48,  and  72  hours.  Growth  was  determined  by  centrifuging  the  cultures  in 
Hopkins  vaccine  tubes  at  high  speed  for  10  minutes  and  then  immediately  meas¬ 
uring  the  packed  cell  volume.  Acid  production  was  determined  by  titrating  the 
centrifugates  with  O.IN  NaOH  to  the  pH  of  the  control  tubes.  A  Beckman  pH 
meter  was  used  for  these  determinations. 

OBSERVATIONS 

The  Action  of  the  Test  Compounds  on  Acid  Production  in  Saliva. — The 
extent  to  which  the  addition  of  500-mierogram  quantities  of  each  of  the  test 
compounds  affected  acid  production  in  the  saliva  is  shown  in  Figure  3.  Only 
those  saliva  samples  in  which  caries  activity  was  indicated  in  the  control  aliquots 
are  included  in  this  tabulation.  In  no  instance  did  the  presence  of  the  nitro- 
furans  alter  the  results  when  the  control  aliquots  proved  to  be  caries  inactive. 

Furacin  ( 5-nit ro-2-furaldehyde  semicarbazone),  in  amounts  of  500  micro¬ 
grams,  completely  inhibited  acid  production  in  65.5  per  cent  of  the  caries-active 
samples,  a  finding  which  compares  very  favorably  with  the  64  per  cent  obtained 
in  the  preliminary  .studies.  On  a  comparative  basis,  it  was  noted  that  6  of  the 
nitrofurans  were  more  effective  than  Furacin  as  inhibitors  of  acid  production 
in  the  saliva,  while  3  were  less  effective  when  used  in  the  same  amounts  per  unit 
of  weight.  The  following  percentages,  ba.sed  on  the  total  number  of  saliva  sam¬ 
ples  rendered  negative  by  the  addition  of  each  of  the  test  compounds,  indicate 
the  extent  to  which  each  of  the  .selected  nitrofurans  inhibited  acid  production  in 
the  saliva,  when  added  in  500-microgram  (piantities: 

5-nit ro-2-furaldehy«le-2-B-hydroxyethyl  semicarbazone 
5-nit ro-2-fural(lehy(le-2-B-niethyl  semicarbazone 
5-nitro-2-furabloxime 

The  semicarl>azone  of  2-(5  nitrofuryl)-B-i)iperi(lino-ethyl 
ketone  hydrochloride 
5-nitro-2-furyl  n-amyl  ketone 
5-nit ro-2-furaldehyde  acetyl  hydrazone 
5-nit ro-2-furaldehyde  semicarbazone 
5-nit  ro-2-furaldehyde-(5'-B-hydroxyethyl)-semioxamazone 
5-nitro-2-furfurylidene  acetone  semicarbazone 
5-nitro-2-furaldehyde  acethydrazone  trimethyl  ammonium 
cTiloride 

It  is  of  interest  to  note  that  the  test  compounds  significantly  reduced  the 
amount  of  acid  formed  in  59  of  the  61  aliiiuots  in  which  the  inhibition  was  not 
complete.  These  results  were  obtained,  for  the  most  part,  in  saliva  samples  sub¬ 
mitted  by  patients  with  rampant  dental  caries. 


510.5  per  cent 
85.0  per  cent 
81..S  per  cent 
75.0  per  cent 

68.8  per  cent 
66.7  per  cent 

65.5  per  cent 
5.‘1..‘1  per  cent 
.■{.I..'!  per  cent 
25.0  per  cent 
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The  Effect  of  the  Test  Compounds  on  the  Growth  and  Acid  Production  of 
the  Lactobacillus  Acidophilus  (Hadley). — The  action  of  the  test  compounds  on 
the  growth  and  acid  production  of  the  test  organism  is  shown  in  Figure  4.  At 
the  end  of  24  hours,  the  growth  and  acid  production  of  the  test  organism  were 
completely  inhibited  in  those  tubes  containing  a  minimum  of  1.0  mg.  of  5-nitro- 
2-furaldoxime,  1.5  mg.  of  5-nitro-2-furyl  n-amyl  ketone,  5-nitro-2-furaldehyde- 
2-H-methyl  semicarhazone,  the  semicarbazone  of  2- (5  nitrofuryl)-B-piperidino- 
ethyl  ketone  hydrochloride,  and  5-nit ro-2-f uraldehyde-( 5'-B-hydroxyet hyl)-semi- 
oxamazone,  2.0  mg.  of  5-nitro-2-furaldehyde-2-B-hydroxethyl  .semicarbazone,  2.5 
mg.  of  5-nit ro-2-furaldehyde  semicarhazone,  and  5-nitro-2-furfurylidene  acetone 
semicarbazone,  and  3.0  mg.  of  5-nitro-2-furaldehyde  acethydrazone  trimethyl  am¬ 
monium  chloride. 

A  complete  inhibitory  effect  was  observed  at  the  end  of  48  hours  in  those 
tubes  containing  a  minimum  of  2.0  mg.  of  5-nitro-2-furyl  n-amyl  ketone,  2.5  mg. 
of  5-nitro-2-furaldehyde  2-B-methyl  semicarbazone,  and  3.0  mg.  of  5-nitro-2- 
furaldehyde-(5'-B-hydroxyethyl)-semioxamazone,  5-nitro-2-furaldoxime,  5-nitro- 
2-furaldehyde-2-B-hydroxyethyl  semicarbazone,  and  the  semicarbazone  of  2- (5 
nitrofuryl)-B-piperidino-ethyl  ketone  hydrochloride. 

At  the  end  of  72  hours,  growth  and  acid  production  were  completely  pre¬ 
vented  in  those  tubes  containing  a  minimum  of  3.5  mg.  of  5-nitro-2-furaldehyde 
2-B-methyl  semicarbazone,  5-nitro-2-furaldehyde-2-B-hydroxyethyl  semicarba¬ 
zone,  5-nitro-2-furaldehyde-(5'-B-hydroxyethyl)-semioxamazone,  and  the  semi¬ 
carbazone  of  2- (5  nitrofuryl)-B-pipeiidino-ethyl  ketone  hydrochloride,  and  4.0 
mg.  of  5-nit ro-2-furaldoxime. 


DISCUSSION 

The  findings  indicate  that  low  concentrations  of  the  ten  selected  nitrofurans 
used  in  these  studies  will  inhibit  acid  formation  in  the  saliva  in  vitro.  While 
each  of  the  test  compounds  was  effective  in  this  regard,  they  differed  consider¬ 
ably  in  their  degree  of  activity  when  used  in  the  same  amount  by  weight.  A 
similar  variation  was  encountered  in  the  bacteriological  studies  in  which  the 
L.  acidophilus  (Hadley)  served  as  the  test  organism.  The  differences  in  the 
action  of  the  test  compounds  may  be  attributed  in  part  to  the  differences  in  the 
chemical  composition  of  the  side  chain  on  the  furan  ring.  This  factor  appears 
to  affect  such  properties  of  the  nitrofurans  as  their  solubility  in  water.  The 
relative  inability  of  some  of  the  test  compounds  to  prevent  the  growth  and  acid 
production  of  the  test  organism  may  be  interpreted  not  only  on  the  basis  of  dif¬ 
ferences  in  solubility  but  also  in  the  light  of  re])orts  by  Dodd  and  Stillman*  and 
Cramer  and  Dodd.®  Dodd  and  Stillman*  postulated  the  existence  of  specific  sub¬ 
stances  present  in  broth  capable  of  inhibiting  the  bacteriocidal  and  bacteriostatic 
action  of  the  nitrofuran  complex.  They  based  this  suppasition  on  their  findings 
that  the  antibacterial  activity  of  the  nitrofurans  was  enhanced  when  tested  in  a 
synthetic  medium.  Cramer  and  Doild®  later  observed  that  at  low  concentrations 
of  Furacin,  the  lag  phase  of  bacterial  growth  was  prolonged  rather  than  the  rate 
of  reproiluction  being  diminished  once  it  was  initiated. 


Fig.  3. — The  .maniple  numbers  are  arranged  in  the  order  of  decreasing  activity  in  the  con¬ 
trol  aliquot  and  not  in  the  order  in  which  the  samples  were  collected.  The  selected  nitrofurans 
completely  prevented  acid  production  in  115  and  partially  prevented  acid  production  In  59  of  the 
176  caries-active  aliquots  tested. 
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(Jreater  amounts  of  each  of  the  te.st  eonijmumls  were  required  to  inhibit  the 
growth  and  acid  production  of  the  test  organism  than  were  needed  to  prevent 
I  acid  production  in  the  saliva.*  The  explanation  may  lie  in  the  ditferenee  between 
i  the  buffering  capacity  of  .saliva  and  of  yeast-extract  dextro.se  broth;  the  differ- 
K  enee  in  the  time  element  between  the  saliva  test  and  the  bacteriological  test ;  and 
the  presence  of  specific  substances  in  broth  which  interfere  with  the  antihae- 
^  terial  action  of  the  nitrofurans,  a  factor  alluded  to  by  Dodd  and  Stillman.® 
Saliva  is  normally  a  highly  buffered  biological  system  containing  a  significant 
degree  of  neutralizing  ])ower,  whereas  the  yeast-extract  dextrose  broth  as  used 
in  these  .studies  was  not  buffered.  In  addition,  the  organisms  in  the  saliva  were 
exposed  to  the  action  of  the  test  compounds  for  a  period  of  4  houi-s,  whereas  the 
test  organism  was  exposed  to  the  same  compounds  for  periods  ranging  from  24 
to  72  hours.  Dodd  and  Stillman®  have  shown  that  several  of  the  nitrofurans  are 
slowly  bacteriocidal  in  high  concentrations,  while  in  low  concentrations  they  are 
merely  bacteriostatic  for  24  hours  or  longer. 

Several  investigators  have  attempted  to  explain  the  antibacterial  activity 
of  5-nitro-2-furaldehyde  semicarbazone.  These  findings  may  also  account  for  the 
bacteriocidal  and  bacteriostatic  action  of  the  related  nitrofurans  used  in  these 
studies.  Krantz  and  Evans'*  found  that  Furacin  was  capable  of  diminishing  the 
;  activity  of  tissue  dehydrogenases,  evidence  which  lends  suiiport  to  an  earlier 
(  hypothesis  by  Cramer  and  Dodd®  that  Furacin  may  adversely  affect  some  meta¬ 
bolic  function  of  the  bacterial  cell.  Recently,  (Jreen'"  suggested  that  5-nitro-2- 
furaldehyde  semicarbazone  may  act  by  i)reventing  susceptible  microorganisms 
from  dissimilating  glucose  and  related  substances  essential  to  their  nutrition  by 
interfering  with  their  ability  to  utilize  some  of  the  B  complex  vitamins,  notably 
thiamine  and  nicotinic  acid.  Both  thiamine  and  nicotinic  acid  are  essential  for 
the  maximum  growth  of  the  oral  L.  acidophilus,  the  organism  which  plays  a  large 
^  part  in  the  caries  proce.ss,  as  well  as  for  the  comj)lete  degradation  of  gluco.se  to 
lactic  acid,  the  acid  responsible  for  the  dissolution  of  the  enamel.”’  ’® 

SUMM.VRY  .\XD  COXCLUSIOXS 

1.  Ten  selected  nitrofuran  compounds  were  used  in  this  study.  They  were 
5-nitro-2-furaldehyde  semicarbazone,  5-nitro-2-furaldoxime,  5-nitro-2-furyl 
n-amyl  ketone,  5-nitro-2-furaldehyde-2-B-methyl  semicarbazone,  5-nitro-2-fural- 
dehyde  acetyl  hydrazone,  5-nitro-2-furaldehyde-2-B-hydroxyethyl  semicarbazone, 
5-nitro-2-furaldehyde-(5'-B-hydroxyethyl)-semioxamazone,  5-nitro-2-furfuryli- 
dene  acetone  semicarbazone,  5-nitro-2-furaldehyde  aeethydrazone  trimethyl  am¬ 
monium  chloride,  and  the  semicarbazone  of  2- (5  nitrofuryl)-B-piperidino-ethyl 
ketone  hydrochloride. 

2.  The.se  compounds,  when  added  .separately  in  oOO-mierogram  quantities, 
partially  or  completely  jirevented  acid  production  in  the  saliva,  in  vitro,  in  174 
of  the  176  caries-active  aliquots  tested.  The  alicpiots  were  obtained  from  60 
samples  of  saliva  .submitted  by  individuals  with  active  dental  caries.  The  most 

•It  is  of  interest  to  note  that  yeasts  were  recovered  from  most  of  the  saliva  samples  in 
which  500  microgram  quantities  of  the  test  compounds  were  unable  to  completely  inhibit  the 
formation  of  acid.  Additional  studies  are  being  made  of  this  aspect  of  the  problem. 
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efficient  inhibitors  of  acid  i)roduction  in  the  saliva  ainon»  the  test  compounds 
wei-e  5-nit ro-2-furaldehyde-2-B-hydroxyethyl  seniicarhazone  and  5-nit  ro-2-fural-  / 
dehyde-2-B-methyl  seniicarhazone. 

3.  All  of  the  test  compounds  except  5-nitro-2-furaldehyde  acetyl  hydrazone 
completely  prevented  the  growth  and  acid  production  of  the  L.  acidophilus 
(Hadley)  in  yeast-extract  dextrose  broth  at  the  end  of  24  hours  in  concentrations 
ranfjin"  from  1.0  mg.  to  3.0  mg.  per  10  c.c.  of  broth.  Five  of  the  test  compound.s, 
namely,  5-nitro-2-furaldehyde-2-B-methyl  seniicarhazone,  5-nitro-2-furaldehyde- 
2-B-hydroxyethyl  seniicarhazone,  5-nitro-2-furaldehyde-  ( 5'-B-hydroxyethyl )  - 
seniioxaniazone,  the  seniicarhazone  of  2- (5  nitrofuryl)-B-piperidino-ethyl  ketone 
hydrochloride,  and  5-nit ro-2-furaldoxinie,  retained  their  bacteriocidal  activity 
against  this  organism  at  the  end  of  72  hours  in  concentrations  of  3.5  mg.  and  4.0 
nig.  per  10  c.c.  of  broth. 

4.  Though  further  studies  are  now  in  progress,  these  in  vitro  findings  sup¬ 
port  our  working  hypothesis  that  the  nitrofurans  may  prove  of  value  in  the  con¬ 
trol  of  dental  caries  because  of  their  pronounced  antibacterial  action  in  low  con¬ 
centrations. 

We  wish  to  thank  Miss  Thelma  Skinner  for  her  aid  in  making  the  caries  activity 
determinations,  and  ^liss  Bess  Carson  for  her  aid  in  making  the  bacteriological  determi¬ 
nations. 
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DENTAL  EFFECTS  OF  EXPOSURE  TO  FLi:ORIDE-BEAKIN(}  DAKOTA 
SANDSTONE  WATERS  AT  VARIOUS  A(}ES  AND  FOR 
VARIOUS  LENOTHS  OF  TIME 

I.  Status  of  the  Permanent  Teeth  of  339  Children  Aged  11  to  15  Years 
Who  Used  Si"ch  Water  for  Eighteen  Months  Prior  to  Eruption  of  the 
First  Permanent  Molars 

A.  L.  RUSSELL,  D.D.S.,  Af.P.H. 

South  Dakota  State  Board  of  Health,  Pierre,  S.  D. 

IT  IS  now  generally  conceded  that  children,  12  to  14  years  of  age,  who  have 
been  exposed  to  fluoride-bearing  communal  waters  during  their  entire  life¬ 
times  have  a  more  favorable  dental  caries  experience  than  individuals  of  the 
same  age  who  have  always  lived  in  areas  where  the  community  water  is  fluoride- 
free.’  This  fact,  coupled  with  others  elicited  through  experimental  work  with 
animals,  led  to  the  working  hyjiothesis  that  blood-borne  fluorides  deposited  in 
the  enamel  of  a  tooth  during  its  calcification  were  primarily  responsible  for  the 
caries-inhibitory  effect  and  that  the  period  of  fluoride  exjiosure  essential  to  the 
inhibition  of  dental  caries  was  that  from  birth  to  the  age  of  8  years.® 

More  recently,  Klein  has  reported  upon  two  groups  of  individuals  who  had 
migrated  into  a  fluoride  area  after  reaching  the  age  of  8  years.®'®  In  both 
instances  marked  inhibition  of  dental  caries  was  observed  in  teeth  which  had 
calcified  during  residence  in  a  fluoride-free  area  but  which  had  been  exposed  to  a 
fluoride-bearing  water  after  eruption.  The  children  were  resident  in  the  fluoride 
area  at  the  time  of  examination. 

The  iiresent  study  is  the  counterjiart  of  those  cited  in  that  it  deals  with 
children,  residents  of  a  low-fluoride  area  at  the  time  of  examination,  who  had 
been  exjiosed  to  a  fluoride-bearing  water  for  varying  lengths  of  time,  both  prior 
to  and  subseiiuent  to  the  eruption  of  their  first  permanent  molars. 

The  iire.sent  reimrt  details  the  status  of  the  permanent  teeth  of  873  con¬ 
tinuous-residence  children  of  a  community  which  accidentally  fluorinated  its 
water  for  a  period  of  eighteen  months  extending  from  August  26,  1935,  to 
March  10,  1937,  and  in  particular  with  the  339  children  now  11  to  15  years  of 
age  who  received  this  dosage  of  fluorides  jirior  to  the  eruption  of  their  first 
permanent  molars. 

All  of  the  children  described  in  this  report  were  residents  of  Mitchell,  a 
community  of  approximately  11,000  people  situated  near  the  center  of  the  so- 
called  “artesian  ba.sin”  of  South  Dakota.  This  basin  extends  roughly  from  the 
Missouri  River  ea.stward  to  within  about  thirty  miles  of  the  state’s  eastern 
boundary,  north  into  North  Dakota,  and  south  into  Nebra.ska.  In  this  area 
surface  water  tends  to  be  scanty  or  very  hard.  Both  individuals  and  communi¬ 
ties  have  drilled  artesian  wells  into  the  Dakota  sandstone  to  obtain  a  soft  and 
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potable  water;  in  some  counties  of  the  basin,  as  many  as  80  ])er  cent  of  the  rural 
wells  are  artesian  wells.^  Water  from  this  acpiifer  is  remarkably  nonfluctuant  in 
its  chemical  composition,  both  from  place  to  place  and  from  time  to  time.  Its 
outstanding  characteristics  are  a  high  sulfate  content  and  a  fluoride  level  which 
rises  gradually  from  about  1.5  p.p.m.  at  the  .southern  edge  of  the  basin  to  a 
value  of  4.0  p.p.m.  or  higher  at  the  northern  boundary  of  the  state.  In  this 
area  no  well  into  a  sandstone  aquifer  has  ever  been  reported  as  yielding  a 
tluoride-free  water.  Fluorosis  in  children  of  this  area  was  studied  by  Dean, 
Elvove,  and  Poston  in  1938,®  and  examination  reports  of  children  of  the  basin 
were  the  raw  data  for  Dean’s  first  correlation  between  fluoride  exi)osure  and 
the  inhibition  of  dental  caries.®  Most  of  the  artesian  wells  within  a  radius  of 
thirty  miles  of  Mitchell  yield  water  carrying  from  2.6  to  3.0  p.p.m.  of  fluorides. 

Prior  to  August  11,  1930,  ilitchell  obtained  its  community  water  from  a 
number  of  artesian  wells,  which  were  marked  as  typical  Dakota  sandstone  wells 
by  the  high  sulfate  content  of  their  waters.  On  that  date  the  city  began  the 
use  of  impounded  surface  water  which  has  been  tested  for  fluorides  periodically 
since  Augu.sf,  1937 ;  the  mean  and  most  constant  determination  has  been  0.2 
p.p.m.,  with  comparatively  little  fluctuation. 

In  1935  drought  had  so  depleted  this  surface  supply  that  “it  became  neces¬ 
sary  ...  to  supplement  the  lake  water  with  well  water,  and  then  later  it  appeared 
advisable  to  abandon  the  lake  for  water  entirely.”*"  On  August  26  of  that  year, 
water  from  one  of  the  previously  used  artesian  wells,  which  had  been  retained  as 
a  stand-by  source,  was  turned  into  the  city  mains. 

Two  wells,  each  approximately  538  feet  deep  and  within  a  few  yards  of 
each  other,  were  used  singly  or  in  combination  during  the  following  eighteen 
months.  The  aquifer  is  a  sandstone  which  was  entered  at  a  depth  of  515  feet. 
In  1946  the  wells  were  reopened  for  the  purpose  of  obtaining  a  water  sample  for 
fluoride  analysis;  this  sample  showed  a  fluoride  inclusion  of  2.8  p.p.m.,  quite 
consistent  with  year-by-year  analyses  of  similar  wells  in  the  neighborhood.  This 
presumptive  evidence  that  water  from  these  wells  contained  about  that  concen¬ 
tration  of  fluorides  during  the  1935-1937  pumping  period  is  supported  by  the 
observation  that  about  seven  per  cent  of  Mitchell  teen-age  children  who  used  this 
water  during  that  time  now  exhibit  very  mild  or  mild  dental  fluorosis. 

Pumjiage  from  the  wells  was  intermittent  during  this  period  of  eighteen 
months.  For  the  first  four  months  the  proportion  was  about  one-third  well 
water  to  two-thirds  lake  water.  For  the  following  two  months  well  water  was 
used  exclusively.  During  March,  April,  ^lay,  and  June  of  1936,  surface  water 
was  used  exclusively.  Water  was  then  mixed  for  five  months;  and  for  the  final 
three  months  of  this  period,  well  water  was  again  used  exclusively.  The  probable 
fluoride  levels  for  the  period  in  question,  then,  were:  during  the  initial  four 
months,  about  1.0  p.p.m.;  during  the  following  two  months,  about  2.8  p.p.m.; 
during  the  following  four  months,  about  0.2  p.p.m.;  during  the  following  five 
months,  slightly  above  1.0  p.p.m. ;  and  for  the  final  three  months,  about  2.8  parts 
per  million.  During  the  entire  period  417,702,000  gallons  of  water  (63.54  per 
cent)  were  pumped  from  the  low-fluoride  surface  source,  and  239,704,000  gallons 
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from  the  wells.  Ifjnorinj;  the  variations  in  mixing  the  mean  fluoride  content  of 
Mitchell’s  tap  water  for  this  period  was  probably  in  the  neifihborhood  of  1.15 
parts  per  million. 

Since  March  10,  1937,  none  of  ^Mitchell’s  artesian  wells  has  been  pumped  for 
more  than  an  hour  or  two  at  a  time. 

In  all,  2,140  white  children  rantjinj;  in  afje  from  5  to  22  years  were  ex¬ 
amined,  usinj;  mouth  mirror  and  explorer.  Of  this  number,  873  were  sulxse- 
quently  found  to  be  continuous  resident.s.  Amonj;  the  mifjrants  an  additional 
"roup  of  297  children  were  found  who  had  been  exposed  to  fluoride-beariii" 
waters  somewhere  in  the  South  Dakota  artesian  basin  for  a  period  of  one  year 
or  more  before  moving  to  IMitchell. 

While  the  dentists  of  the  area  had  made  extensive  use  of  topical  sodium 
fluoride  treatments  diiriii"  the  summer  before  the  examinations  were  begun,  it 
is  believed  that  these  treatments  were  too  recent  to  have  made  any  essential 
difference  in  the  D.^I.F.  patterns  seen  in  these  children. 

METHOD 

All  of  the  examinations  were  made  by  the  author,  using  No.  5  plane  mouth 
mirrors  and  explorers,  and  all  were  recorded  by  the  same  assistant.  The  same 
portable  operating  light  was  used  throughout.  The  re.sidence  history  of  none  of 
the  children  was  known  at  the  time  of  examination.  The  examinations  were 
begun  in  November,  1947,  and  concluded  in  March,  1948.  Children  of  all  five 
elementary  schools,  the  junior  high  school,  and  both  high  schools  were  in* 
eluded;  all  but  33  of  the  children  enrolled  in  the  entire  school  systems  were 
examined. 

Criteria  were  the  same  as  those  established  for  the  1933-1934  national  sur¬ 
vey”  except  that  “catches”  were  not  considered  carious  in  the  absence  of  other 
indications  of  disease.  An  attempt  was  made  to  use  criteria  comparable  to  those 
followed  during  the  Hagerstown  studies,”  since  comparison  with  tho.se  results 
was  contemplated. 

Kesidence  historias  for  children  in  the  elementary  schools  were  obtained 
through  schedules  completed  and  signed  by  parents.  In  the  few  cases  where 
schedules  were  not  returned,  the  children  were  considered  to  be  noncontinuous 
residents.  In  the  junior  and  senior  high  schools  the  purpo.se  of  the  survey  was 
explained  to  the  pujjils  at  a  preliminary  assembly.  The  importance  of  an  ac¬ 
curate  history  of  residence  and  water  usage  was  stressed;  each  child  was  asked 
to  verify  his  own  history  with  his  parents  and  to  come  to  the  examination  room 
prepared  to  answer  questions  in  detail.  The  history  was  then  elicited  by  inter¬ 
view  at  the  conclusion  of  each  individual  examination.  The  cooperation  received 
was  excellent  and  it  is  believed  that  the  individual  histories  so  obtained  are 
reasonably  accurate  and  complete.  At  the  outset,  random  checks  were  made 
against  original  records  of  Davison  County  or  the  State  of  South  Dakota,  or 
individual  parents  were  interviewed  for  confirmation.  Since  these  checks  uni¬ 
formly  supported  the  history  as  given  by  the  child  this  procedure  was  abandoned 
after  the  first  400  children  had  been  examined. 
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The  status  of  the  i)ernianent  teeth  of  the  entire  "i-oup  of  2,140  children  is 
outlined  in  Table  I.  Their  over-all  D.M.F.  rates  are  shown  »;iai)hieally  in  Fi*;.  1. 
For  purposes  of  ('oini)arison  the  ilafrerstown  D.M.F.  rate'*  is  plotted  in  Fij;.  1, 
together  with  a  base  line  i)reviously  eonij'uted  here  as  representative  of  the 
D.M.F.  jirevalenee  to  be  expected  in  any  low-Huoride  South  Dakota  cominunity. 
This  base  line  is  a  composite  of  the  examination  results  for  8,330  children  of 
known  low-fluoride  areas  in  1933-1934,”  2,185  in  1946,  and  3,206  in  1947, 
expressed  as  a  curvilinear  trend  havin';  the  formula  Y  =  8.75  ^  42.43  X 
3.06 


Kig.  1. — D.M.F.  rates  of  2,094  white  elementary  and  high  school  children  of  Mitchell,  South 
Dakota,  1947-1948,  together  with  D.M.F.  rates  of  Hagerstown.  Maryland,  children  and  a  base 
line  representing  age-specifle  D.M.F.  rates  expected  in  South  Dakota  children  who  are  residents 
of  a  low-Huoride  community. 

It  will  be  seen  that,  on  the  whole,  the  caries  exjierienee  of  Mitchell  children 
is  sliffhtly  better  than  either  the  Hagerstown  or  the  expected  experience  at  all 
ages,  and  jiarticularly  in  children  14  yeare  of  age  or  older;  that  it  tends  to 
follow  the  pattern  of  the  Hagerstown  and  basic  South  Dakota  rates,  particularly 
at  the  younger  ages;  and  that,  up  through  the  age  of  16,  about  the  same  con¬ 
clusion  will  be  1‘eached  regardless  of  whether  a  specifle  Hagerstown  rate  or  a 
South  Dakota  base-line  rate  is  used  as  a  basis  for  comparison. 

Contimwns-Hesidence  Children. — The  term  “continuous  resident,”  used 
for  convenience  throughout  this  study,  is  applied  only  to  Mitchell  children  who 
have  used  Mitchell’s  community  water  continuously  since  birth;  certain  residents 
of  the  city  who  had  used  water  from  other  sources  during  a  part  of  their  lives 
have  been  excluded  from  this  category.  Included  in  this  group  are  437  boys 
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Table  I 

Stati's  of  the  Permanent  Teeth  of  2,140  White  Elementary  and  High  School 
riiiLDREN  OF  Mitchell,  Soctii  Dakota  (1947-1948) 


AGE 

GRorr 

NCMBER 

OF  CHIL¬ 
DREN 

MEAN 

NUMBER 

TEETH  IN 

ERUPTION 

PER  CENT 

CHILDREN 

WITH 

D.M.F. 

TEETH 

NUMBER 

TEETH 

OF  D.M.F. 

1  SURFACES 

D.M.F.  ' 
RATE 

MISSING 

TEETH  PER 
100 

CHILDREN 

5 

139 

1.25 

0.0 

0 

0 

0.0 

— 

6 

1.56 

.5.51 

11.5 

.37 

42 

2.3.7 

— 

7 

150 

8.79 

28.0 

73 

81 

48.7 

0.7 

8 

1.56 

11.77 

46.2 

166 

206 

106.4 

1.3 

9 

170 

1.3.85 

55.3 

258 

.3.34 

151.8 

2.9 

10 

141 

18.09 

73.0 

300 

425 

212.8 

7.1 

11 

174 

21.99 

73.0 

474 

732 

272.4 

14.4 

12 

179 

25.03 

8.3.2 

637 

1,072 

.355.9 

.30.2 

13 

161 

26.81 

84.5 

694 

1,195 

431.1 

34.2 

14 

169 

27..59 

82.8 

809 

1,316 

478.7 

14.2 

15 

186 

27.84 

86.6 

1,013 

1,76.3 

.544.6 

32.8 

16 

1.50 

28.12 

8.3.3 

990 

1,786 

660.0 

44.7 

17 

163 

28.44 

87.7 

1,129 

2,046 

692.6 

52.8 

18 

32 

28.63 

9.3.8 

223 

4.36 

696.9 

65.6 

19 

7 

28.43 

100.0 

107 

318 

1,. 528.6 

614.3 

20 

3 

31. .33 

100.0 

22 

66 

733.3 

300.0 

21 

2 

29.00 

.50.0 

1 

2 

.50.0 

— 

22 

2 

.31.00 

100.0 

9 

25 

450.0 

200.0 

Total 

2,140 

6.3.2 

6,942 

ll,H-t.5 

21.8 

and  436  ^irls,  a  total  of  873.  The  fjroup  is  further  subdivided;  there  were  216 
boys  and  209  girls,  aged  5  to  10  years,  whose  fluoride  exposure  had  been  neg¬ 
ligible,  and  165  boys  and  174  girls,  aged  11  to  15  years,  who  had  been  exposed  to 
the  accidentally  fluorinated  water  some  time  after  birth  and  prior  to  the  erup¬ 
tion  of  the  first  permanent  molars. 

The  status  of  the  permanent  teeth  of  these  children  is  summarized  in  Table 
II  and  their  D.M.F.  rates  through  the  age  of  15  years  are  shown  graphically  in 
Fig.  2.  Continuous-residence  children  aged  16  years  or  older  are  not  considered 
in  this  report,  since  their  1935-1937  fluoride  exposure  came  after  the  eruption  of 
their  first  permanent  molars,  and  because  some  of  them  had  previously  been 
exposed  to  Mitchell’s  original  high-fluoride,  artesian-well  community  water 
supply. 

It  will  be  seen,  in  Fig.  2,  that  the  rates  for  these  children  are  somewhat 
higher  than  those  which  were  seen  in  Hagerstown  children,  or  which  would  have 
been  predicted  from  the  South  Dakota  base  line.  Had  there  been  any  marked 
caries-inhibitory  effect  following  the  eighteen  months  of  fluoride  expasure  under¬ 
gone  by  the  11-  to  15-year  age  groups,  their  D.IM.F.  curve  should  have  broken 
sharply  downward  through  these  age  points.  This  is  not  the  case. 

('ontrols. — Since  the  expected  inhibition  of  dental  caries  is  absent  or 
negligible,  the  matter  of  controls  becomes  of  more  than  usual  importance  in  this 
study.  There  are  two  standards  by  which  the  observed  experience  of  these  11- 
to  15-year-old  children  may  be  judged :  their  expected  caries  rates  as  estimated 
from  the  experience  of  children  aged  5  to  10  yeai-s  now  living  in  the  same  com¬ 
munity,  or  the  actual  experience  of  similar  children  in  other  places  or  at  other 
times. 
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Table  II 

Status  oe  the  Permanent  Teeth  of  873  White  Elementary  ani>  High  School  Children, 
All  CoNTiNVors  Residents  of  Mitchell,  South  Dakota,  1947-1948 


AGE 

GROUP 

NUMBER 

OF  CHIL¬ 
DREN 

MEAN 

NUMBER 

TEETH  IN 

ERUPTION 

PER  CENT 

CHILDREN 

WITH 

D.M.F. 

TEETH 

NUMBER  OF  D.M.F. 
TEETH  1  SURFACES 

D.M.F. 

RATE 

MISSING 

TEETH  PER 
100 

CHILDREN 

5 

73 

1.47 

0.0 

0 

0 

0.0 

— 

G 

68 

5.94 

13.2 

16 

17 

23.5 

— 

7 

70 

8.58 

30.3 

40 

42 

52.6 

— 

8 

74 

12.14 

55.4 

94 

114 

127.0 

1.4 

9 

79 

13.84 

67.1 

151 

198 

191.1 

2.5 

10 

55 

18.58 

85.5 

147 

213 

267.3 

9.1 

11 

75 

22.01 

84.0 

246 

381 

328.0 

12 

79 

25..35 

91.1 
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510 

388.6 

32.9 

13 

61 

27.05 

88.5 

318 

546 

521.3 

37.7 

14 

64 

27.59 

89.1 

353 

585 

551.6 

14.1 

15 

27.95 

95.0 

457 

792 

761.7 

33.3 

IG 

47 

28.15 

85.1 

313 

666.0 

25.5 

17 

56 

28..32 

94.6 

428 

75() 

764.3 

51.8 

18 

4 

28.75 

32 

64 

800.0 

50.0 

19 

1 

28.00 

2 

2 

200.0 

— 

22 

1 

30.00 

100.0 

8 

24 

800.0 

400.0 

Total 

873 

65.9 

2,912 

4,814 

16.6 

Fib.  2. — D.M.F.  rates  of  7(i4  white  continuous-residence  children  of  Mitchell,  South  Dakota, 
1947-1948,  toRether  with  D-M-F",  rates  of  Hagerstown,  Maryland,  children  and  a  base  line  repre¬ 
senting  age-specific  D.M.F.  rates  expected  in  South  Dakota  children  who  are  residents  of  a  low- 
fluoritle  community. 

Knutson  has  demonstrated  a  roufih  correlation  between  the  percentages  of 
children  with  D.M.F.  experience  at  any  age  and  the  D.M.F.  rate  for  that  age 
group;  he  has  suggested  a  mass  survey  method  in  which  the  percentage  of  chil¬ 
dren  with  one  or  more  D.M.F.  teeth  is  obtained  for  the  ages  of  7,  9,  and  11,  from 
which  a  straight-line  trend  is  computed  and  extrapolated  as  a  basis  for  the 
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estimation  of  D.M.F.  rates  for  the  older  age  groui)s.’'‘  Had  this  technic  been 
used  at  IMitchell,  a  total  of  1,495  D.M.F.  teeth  would  have  been  estimated  for 
the  339  children  aged  11  to  15  years.  The  total  oldained  by  mouth-mirror 
examination  is  1,680.  The  Knutson  technic,  then,  would  have  underestimated  the 
actual  number  of  D.M.F.  teeth  by  185,  an  underestimation  of  11.0  per  cent. 

However,  with  South  Dakota  data  at  least,  this  method  invariably  under¬ 
estimates  the  D.M.F.  rates  of  teen-age  children.  It  presumes  that  the  D.M.F. 
rate  rises  with  age  in  a  straight  line,  whereas  the  actual  pattern  is  usually  a 
pronounced  curve.  As  a  matter  of  fact,  age-specific  D.M.F.  rates  for  school-age 
children  of  either  sex  plot  as  a  rather  complex  but  typical  curve  with  periods  of 
acceleration  and  lag  which  follow  periods  of  tooth  eruption  and  intervals  when 
eruption  is  at  a  minimum.  When  data  for  school-age  groups  including  both 
boys  and  girls  are  plotted,  the  peaks  and  valleys  in  the  sex-specific  curves  tend 
to  offset  each  other,  the  resultant  appearing  as  a  fairly  smooth  parabolic  curve 
with  a  definite  upward  acceleration  from  the  age  of  about  11  years  through  the 
teens.  This  is  true  of  all  of  the  D.M.F.  data  which  have  so  far  come  to  the 
author’s  attention. 


ACTUAL  NUMBER 


BY  KNUTSDN  technic, 
7-9~il  YEARS 


KNUTSON  TECHNIC* 
II  YEARS  INC 


FROM  south  DAKOTA 
BASE  LINE 


_ IQTAl  NU>1BER  OF  pMF  TEETH _ ^  ^  ^  ^ 

soo  1,000  1.500  I.SOO 


Fig.  S. — Total  number  of  decayed,  missing,  and  filled  permanent  teeth  found  in  339  con¬ 
tinuous-residence  Mitchell,  South  Dakota,  white  children,  aged  11  to  1.5  years,  and  numbers 
which  would  have  been  estimated  by  various  public  health  technics. 


In  field  practice,  then,  this  division  estimates  the  D.M.F.  experience  of 
older  children  by  plotting  a  parabolic  curve  which,  while  still  an  over-simplifica¬ 
tion,  permits  a  more  accurate  prediction  of  the  actual  D.M.F.  pattern  than  one 
based  upon  a  straight-line  trend.  The  percentages  of  children  at  all  ages  up 
through  11  years  are  obtained,  translated  into  D.M.F.  rates  through  Knutson’s 
formula,  and  analyzed  as  a  curvilinear  least-squares  trend  which  is  then  extra¬ 
polated  into  the  higher  age  ranges.  Had  this  method  of  estimation  been  used  at 
Mitchell,  the  total  number  of  D.M.F.  teeth  in  the  11-  to  15-year  groups  would 
have  been  computed  at  1,790,  an  overestimation  of  110  or  6.58  per  cent.  In 
fact,  the  actual  number  of  D.M.F.  teeth  would  have  been  underestimated  by  only 
153,  or  9.1  per  cent  by  a  calculation  from  the  South  Dakota  base  line,  even 
though  none  of  the  children  at  Mitchell  had  been  examined. 

The  relative  magnitude  of  these  totals  is  shown  in  Fig.  3. 
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The  first  two  results  pictured  are  well  within  the  limits  of  chance  fluctua¬ 
tion.  The  South  Dakota  base  line  is  not  strictly  comparable,  since  it  reflects  the 
combined  experience  of  continuous  residents  and  mifjrants.  In  the  typical  South 
Dakota  community  a  significant  percentage  of  migrant  children  w’ill  have  been 
exposed  to  a  fluoride-bearinf;  water  at  some  time  durinj?  their  lives,  and  their 
more  favorable  caries  experience  tends  to  lower  the  D.M.F.  rates  for  the  entire 
fjroup. 

It  is  clear,  then,  that  eijrhteen  months  of  fluoride  exposure  prior  to  eruption 
of  the  first  permanent  molai’s  either  resulted  in  no  inhibition  of  dental  caries  in 
these  children,  or  in  one  so  small  that  it  cannot  be  demonstrated  on  the  basis  of 
youiifyer  but  otherwise  similar  children  in  the  same  community,  or  by  comparison 
with  theoretical  rates  previously  computed  to  be  representative  of  the  D.M.F. 
experience  of  all  present-day  children  living  in  low-fluoride  communities  of 
South  Dakota. 


AGE  GROUPS 

KIk.  4. — Numbers  of  ilecayed.  missiriK.  and  filled  permanent  teeth  per  100  children  in  Sioux 
Falls.  South  Dakota,  1933-19:i4  (Bulletin  221!),  and  In  continuous  residents  of  Mitchell,  South 
Dakota,  1947-194S. 

D.M.F.  rates  for  South  Dakota  children  examined  in  1933-1934  have  been 
reconstructed  from  Public  Health  Bulletin  226*’  by  the  method  used  by  Dean 
in  his  original  correlation  of  South  Dakota  fluorosis  and  dental  caries  data.®  In 
general,  where  no  water-supply  changes  has  occurred,  these  rates  approximate 
very  closely  those  found  in  South  Dakota  children  of  the  .same  communities 
today.  Mitchell  children  were  not  examined  in  1933-1934,  but  Bulletin  226  in¬ 
cludes  data  on  1,293  girls  and  1,298  boys  aged  6  to  14  years  who  w'ere  residents 
of  Sioux  h’alls,  a  city  75  miles  east  of  Mitchell  and  outside  the  artesian  ba.sin, 
with  a  kelly-well  community  water  carrying  0.2  p.p.m.  of  fluorides,  the  same 
concentration  as  that  in  the  present  Mitchell  water  supply. 

The  data  in  Bulletin  226  are  presented  for  children  in  age  groups  of  6  to  8, 
9  to  11,  and  12  to  14  years.  Similarly  grouped  data  from  Table  II  yield  D.M.F. 
rates  for  continuous-residence  Mitchell  children  which  are  compared  with  those 
seen  in  Sioux  Falls  in  1933-1934  in  Table  III  and  in  Fig.  4.  Inspection  of  Fig.  4 
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shows  that  the  experience  of  these  two  "roups  of  children  is  substantially  the 
same.  The  discrepancy  in  the  (i-  to  8-year  "roup  is  probably  due  to  the  inclusion 
of  “catches”  as  caries  in  the  1933-1934  examination. 

Table  III 

D.M.F.  Rates  at  GRorrEo  Ages  eor  CoNTiNt  ors-REsiDEXCE  White  Children  oe 
Mitchell,  Socth  Dakota,  1947-1948,  With  Simhjvr  Rates  eor  Groces  oe 
Sioc.x  Falls,  Socth  Dakota  Chii.dren,  1933-1934 


AGE 

GROl'E 

MITCHELL  1 

Siorx  EALL.S 

Nl'MBER 

OE  CHIL¬ 
DREN 

Nl'MBER 

OE  D.M.E. 

TEETH 

D.M.E. 

RATE 

NIMBER 

OE  CHIL¬ 
DREN 

Nl'MBER 

OE  D.M.E. 

TEETH 

D.M.E. 

RATE 

()  to  8 

218 

150 

(58.8 

1,0(52 

1,149 

108.2 

9  to  11 

209 

544 

2(50.3 

921 

2,4(55 

2(57.(5 

12  to  14 

204 

978 

479.4 

(508 

2.985 

491.0 

Total 

(531 

1,(572 

2(55.0 

2,591 

(5,599 

254.7 

It  has  been  susst'sted  that  the  caries-inhibitory  effect  of  fluoride  expo.sure 
is  more  marked  in  those  niorpholo"ical  tooth  types  w’hich  are  normally  the  more 
resistant  to  caries.®  D.M.F.  rates  for  individual  tooth  types  are  available  in 
the  Ha"erstown  data.’®  With  the  possibility  in  mind  that  certain  individual 
tooth  types  in  these  Mitchell  children  might  show  an  inhibition  of  caries  which 
had  been  overshadowed  in  the  total  rates,  the  D.M.F.  rate  was  calculated  for 
each  morphological  tooth  type  in  Mitchell  children  aged  11  to  15  years,  and  for 
Hagerstown  children  in  the  same  age  range.  These  rates  are  summarized  in 
Table  IV  and  compared  graphically  in  Figs.  5  and  6. 

Table  IV 

D.M.F.  Rates  eor  Individcal  Teeth  oe  339  White  Children  Aged  11  to  15  Yk.\rs  With 
CoNTiNcocs  Residence  in  Mitchell,  Socth  Dakota  (1947-1948)  and  oe  3,038  White 
Children  Aged  11  to  15  Years  oe  Hagerstown,  Maryijvnd 


TOOTH 

MAXILLARY 

D.M.E.  RATES 

MANDIBl'I,AR  D.M.E.  RATES 

MITCHELL 

HAGERSTOWN 

MITCHELL 

HAGERSTOWN 

Sii-ond  molar 

27.1 

59.6 

57.3 

First  molar 

124.8 

145.4 

149.8 

Socoml  bicuspiil 

17.4 

17.4 

1.3.7 

First  bicuspid 

15.9 

.3.8 

3.5 

Fuspid 

1.2 

.5 

Lateral  incisor 

.32.7 

29.9 

3.5 

3.0 

Ontral  incisor 

.34.8 

31.0 

6.5 

4.0 

.Vll  teeth 

258.4 

245.2 

2.37.5 

2.31.8 

It  will  be  seen  by  reference  to  these  figures  that  the  two  D.M.F.  patterns 
are  strikingly  similar.  Chi  square  estimation  indicates  that  the  only  significant 
differences  occur  in  the  upper  cuspid  and  in  the  lower  central  incisor.  In  each 
case  the  fluoride-exposed  ^litchell  children  show'  a  substantially  higher  D.M.F. 
rate  than  did  the  Hagerstow’n  children. 

Prevalence  of  Fluorosis. — One  hundred  eighty-eight  cases  of  dental  fluoro¬ 
sis  were  discovered  in  the  2,140  children  examined.  One  hundred  fifty-six  of 
these  cases  occurred  in  migrant  children,  appearing  as  early  as  the  age  of  6 
and  running  the  entire  range  of  severity.  The  remaining  32  cases,  all  very 
mild  or  mild  in  degree,  were  found  in  continuous-residence  children.  Thirty-one 
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were  in  children  11  years  of  a^:e  or  older,  with  26  in  the  11-  to  15-year  5?roup 
with  no  known  fluoride  exposure  except  that  in  1935-1937.  The  over-all  preva¬ 
lence  for  these  ajjes  was  7.67  per  cent.  Eight  eases  were  found  in  165  boys,  a 
prevalence  of  4.85  per  cent,  and  18  in  174  girls,  a  prevalence  of  10.34  per  cent. 
This  variation  vergas  upon  statistical  significance ;  the  difference  is  5.49  ±  2.84, 
establishing  odds  against  chance  of  approximately  14  to  1. 

SUMMARY  AXD  CONCLUSIONS 

1.  The  community  water  of  ^litchell.  South  Dakota,  was  accidentally 
fluorinated  to  a  mean  level  of  1.15  p.p.m.  for  the  eighteen  months  subsequent 
to  Augu.st  26,  1936.  The  normal  fluoride  content  of  MitcheH’s  community  water 
is  0.2  part  per  million. 

2.  Of  339  Mitchell  children  now  11  to  15  years  of  age  who  underwent  this 
fluoride  exposure  jirior  to  the  eruiition  of  their  first  permanent  molars,  about 
10  per  cent  of  the  girls  and  about  five  i>er  cent  of  the  boys  show  very  mild  or 
mild  dental  fluorosis. 

3.  No  inhibition  of  dental  caries  can  be  demonstrated  in  this  group  on  the 
ba.sis  of  the  caries  prevalence  in  younger  children  in  the  same  community. 

4.  No  dental  caries  inhibition  can  be  demonstrated  in  this  group  by  com- 
jiarison  with  a  base  line  calculated  from  the  1).!M.F.  rates  of  contemiiorary 
children  in  other  South  Dakota  communities. 

5.  No  caries  inhibition  can  be  demohstrated  in  this  group  by  comjiarison 
with  the  D.M.F.  rates  of  similar  children  in  a  comparable  South  Dakota  com¬ 
munity  in  1933-1934. 

6.  No  inhibition  of  dental  caries  can  be  demonstrated  in  this  group  by  com¬ 
parison  with  over-all  D.M.F.  rates  of  Hagerstown  children  of  the  same  ages, 
nor  by  comparison  of  the  D.^M.F.  rates  for  individual  tooth  types  between  this 
group  and  Hagerstown  children  of  the  same  ages. 

7.  These  findings  tend  to  weaken  the  hypothesis  that  the  mechanism 
whereby  dental  caries  is  inhibited  through  exposure  to  fluoride-bearing  drink¬ 
ing  waters  depends  essentially  upon  the  deposition  of  fluorine  in  dental  enamel 
during  the  period  of  calcification. 

The  sincere  thanks  of  the  author  are  due  to  Superintendent  of  Schools  Lloyd  Uecker, 
Sister  M.  Martha,  City  Enjiineer  J.  C.  Scallin,  and  in  particular  to  School  Nurse  Helene 
Tobin  Baker  for  their  unfailing  courtesy  and  their  essential  assistance  during  the  fourteen 
weeks  this  survey  was  in  progress  in  the  Mitchell  schools. 

REFERENCES 

1.  The  Michigan  Workshop  on  the  Evaluation  of  Dental  Caries  Control  Technics,  J.  J. 

D.  A.  36:  1-22,  1948. 

2.  Jay,  Philip:  Fluorine  and  Dental  Caries,  J.  A.  D.  A.  33:  489-495,  1946. 

3.  Klein,  Henry:  Dental  Caries  Experience  in  Relocated  Children  Exposed  to  Water 

Containing  Fluorine.  I.  Incidence  of  New  Caries  After  Two  Years’  Exposure 

Among  Previously  Caries-Free  Permanent  Teeth,  Pub.  Health  Rep.  60:  1462-1467, 

1945. 

4.  Klein,  Henry:  Dental  Caries  Exj>erience  in  Relocated  Children  E|Xposed  to  Water 

Containing  Fluorine.  II,  J.  A.  D.  A.  33:  1136-1141,  1946. 


Volume  28 
Number  3 


EFFECTS  OF  EXPOSURE  TO  FLUORIDE-BEARING  WATERS 


30!) 


5.  Klein,  Henry:  Dental  Effects  of  Accidentally  Fluorinated  Water:  I.  Dental  Caries 

Experience  in  Deciduous  and  Permanent  Teeth  of  School  Afre  Children,  J.  A.  D.  A. 
36:  443-453,  1948. 

6.  Klein,  Henry:  Dental  Effects  of  Community  Waters  Accidentally  Fluorinated  for 

Nineteen  Years.  II.  Differences  in  the  Extent  of  Caries  Reduction  Among  the 
Different  Types  of  Permanent  Teeth,  Pub.  Health  Rep.  63:  563-573,  1948. 

7.  Searight,  W.  V.,  and  Meleen,  E.  E.:  Rural  Water  Supplies  in  South  Dakota,  Vols. 

I-IV.  Pierre,  State  Geological  Survey,  1940.  n.p. 

8.  Dean,  H.  T.,  Elvove,  Elias,  and  Poston,  R.  F.:  Mottled  Enamel  in  South  Dakota,  Pub. 

Health  Rep.  54:  212-228,  1939. 

9.  Dean,  H.  T.:  Endemic  Fluorosis  and  Its  Relation  to  Dental  Caries,  Pub.  Health  Rep. 

53:  1443-1452,  1938. 

10.  Scallin,  J.  C.:  Annual  Report  of  the  City  Engineer,  Mitchell,  South  Dakota,  for  1935. 

11.  Messner,  C.  T.,  Gafefer,  W.  M.,  Cady,  F.  C.,  and  Dean,  H.  T. :  Dental  Survey  of  School 

Children,  Ages  6-14  Years  Made  in  1933-1934  in  26  States,  Washington,  U.  S.  Gov¬ 
ernment  Printing  Office,  1936.  (Public  Health  Bulletin  No.  226.) 

12.  Klein,  Henry,  Palmer,  C.  E.,  and  Knutson,  J.  W.:  Studies  on  Dental  Caries.  I.  Dental 

Status  and  Dental  Needs  of  Elementary  School  Children,  Pub.  Health  Rep.  53: 
751-765,  1938. 

13.  Klein,  Henry,  and  Palmer,  C.  E.:  On  the  Epidemiology  of  Dental  Caries,  University 

of  Pennsylvania  Bicentennial  Conference.  Philadelphia,  1941,  University  of 
Pennsylvania  Press,  pp.  1-24. 

14.  Knutson,  J.  W.:  An  index  of  the  Prevalence  of  Dental  Caries  in  School  Children, 

Pub.  Health  Rep.  59:  253-263,  1944. 

15.  Klein,  Henry,  and  Palmer,  C.  E.:  Studies  on  Dental  Caries.  XII.  Comparison  of  the 

Caries  Susceptibility  of  the  Yarious  Morphological  Types  of  Permanent  Teeth. 
J.  D.  Res.  20:  203-216,  1941. 


FLUORIDE  SATURATION  RATE  OF  HUMAN  ENAMEL 

J.  RTKAUH,  Pii.D.,  AND  P.  ADLKK,  M.D. 

Fniversify  Institute  of  Medical  Chemistry  and  Stomatoloffical  Clinic,  Debrecen,  JJunyary 

IT  HAS  been  adequately  demonstrated  that  a  temporary  earies-reducinfi  effeet 
is  produced  by  topical  treatment  of  erupted  teeth  with  a  fluoride  solution.  It 
has  been  similarly  shown,  in  vitro,  that  treatment  of  teeth,  of  fragments  of  teeth, 
of  pulverized  enamel  and  dentin  with  fluorides  considerably  increases  their  re¬ 
sistance  against  acid  solvents.^  It  is  {jenerally  accei)ted  that  fluoride  ions  react 
chemically  with  the  constituents  of  erupted  enamel  and  enter  the  crystallites 
forming;  new,  fluorosed  chemical  compounds.^  If  this  concept  is  true,  the  quan¬ 
tity  of  fluorides  in  the  solution  must  be  firadually  reduced,  within  certain  limits, 
while  the’  treated  teeth  or  dental  hard  tissues  become  saturated  with  fluorides. 
An  equilibrium  must  be  gradually  established  between  fluoride  in  solution  and 
the  fluoride  content  of  dental  tissues.  In  literature  accessible  to  us,  we  found  no 
data  upon  this  question.  For  this  reason,  we  carried  out  a  few  experiments,  in 
vitro,  upon  this  problem. 

METHOD 

Intact  parts  of  enamel  of  carious  teeth  that  were  extracted  some  years  ago, 
cleansed  and  kept  dry,  were  used  in  the  experiments.  Enamel  was  separated 
from  dentin  with  dental  burs  and  hand  instruments  under  macroscopic  control. 
It  was  then  pounded  in  a  mortar  to  coai*se  granules.  In  this  manner,  a  con¬ 
siderable  increase  of  the  surface  upon  what  the  fluoride  solution  can  act  is 
effected. 

For  the  sake  of  convenience,  in  fluorine  determination,  an  aqueous  NaF  solu¬ 
tion  with  approximately  1  mg.  per  cent  concentration  of  fluoride  ions  was  used. 

Five  Hm.  coarsely  granulated  enamel  was  exposed  to  the  action  of  200  ml. 
of  this  NaF  solution.  After  the  elapse  of  10,  20,  30,  45,  60,  90,  120,  and  ISO  min¬ 
utes,  2  to  12  ml.  of  the  solution  was  pipetted  away  for  fluorine  determination, 
using  the  method  as  described  by  Fellenberg.^ 

In  samples  of  enamel,  fluorine  concentration  was  determined  previously  to 
experimentation.  Experiments  and  determinations  were  arranged  in  duplicate. 

RESULTS  AXD  DISCUSSION 

The  average  of  two  experimental  series  is  reproduced  in  Table  I.  The  data 
of  this  table  indicate  that  the  maximum  loss  of  fluorine  in  the  solution  is  ob¬ 
served  after  60  minutes.  If  enamel  is  continually  exposed  to  the  fluoride  solu¬ 
tion,  further  slight  changes  in  fluorine  concentration  take  place,  but  there  is  no 
continuous  increase  or  decrease.  AVe  are  ])rone  to  regard  these  changes  as 
being  due  to  dissolution  of  fluorosed  enamel  surface  layers  in  distilled  water 
of  neutral  reaction  or  in  an  aqueous  NaF  solution  and  to  continued  reaction 
of  fluorides  with  deejier  enamel  layers.  In  consideration  of  the  slight  changes 
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that  are  taking  place  after  the  fii'st  hour,  it  can  he  taken  for  jjrantecl  that  eon- 
sunii^tion  of  fluoiine  by  the  enamel  is  influenced  too  by  ])rocesses  of  dissolution. 
The  fluorine  loss  of  the  .solution  as  determined  in  the  experiments  may  be  re¬ 
garded  as  the  difference  in  the  (piantity  of  fluoride  ions  that  entered  the  enamel 
crystallites  and  of  the  small  amount  that  fjradually  becomes  di.s.solved  afjain. 


Table  I 

Fu'oride  Consumption  ok  5  Gm.  Coarsely  Granulated  Human  Enamei.,  Containing 
Originally  0.380  mg.  Fluorine 


time  in  minutes 

FLUORINE  CONTENT  OF 

200  ML.  NaF  SOLUTION 
(MG.) 

QUANTITY  OF  FLUORINE 

LOST  FROM  THE  SOLUTION 
(MG.) 

0 

_ 

10 

0,220 

20 

0,545 

30 

1,300 

0,740 

45 

1,038 

1,002 

60 

0,671 

1,369 

90 

0,734 

1..306 

120 

0,739 

1,301 

150 

0,726 

1,314 

180 

0,720 

1,320 

^  saturation 


1. — Fluoride  saturation  rate  of  5  Gni.  coarsely  granulated  human  enamel  exposed  to  200 
ml.  of  an  aqueous  NaF  solution  with  1  mg.  per  cent  F  ions. 


In  evaluating;  the  data  of  experiment.s,  fluorine  consumption  of  coarsely 
granulated  enamel  is  best  expres.sed  in  per  cents  of  complete  saturation  (Fig.  1). 
With  reference  to  complete  saturation,  it  was  es.sential  to  clarify  whether  by 
consumption  of  1.369  mg.  fluorine,  5  (Jm.  coaiNely  granulated  enamel  attained 
full  saturation  or  only  an  equilibrium  valid  under  prevailing  special  conditions. 
At  the  stage  of  maximal  saturation,  0.671  mg.,  fluorine  remained  dissolved  in  the 
solution. 
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At  what  rate  saturation  occurs  if  5  rim.  of  enamel  is  exposed  to  100  ml.  of 
the  NaF  solution,  containing  originally  a  total  of  1.03  mj;.  fluorine,  was  deter¬ 
mined.  IMaximal  saturation  is  attained  after  the  elapse  of  2  hours,  hut  in  60 
minutes  95.37  per  cent  of  this  has  been  attained  already.  ^laximal  saturation 
caused  a  drop  of  fluorine  in  fhe  solution  from  1.03  mj;.  to  0.167  millisi'Juns. 

From  this  ex|)eriment,  we  may  see  that  enamel  may  reduce  the  fluorine 
content  of  the  XaF  solution  far  below  0.671  mf?.  while  reaction  between  enamel 
and  fluoride  is  still  takinji  place.  We  can  thus  conclude  that  if,  in  the  experi¬ 
ments  shown  by  the  data  in  Table  I,  the  saturation  were  not  complete,  chemical 
reactions  could  be  continued  until  the  drop  of  h'’  ions  in  the  solution  reached 
0.167  instead  of  to  0.671  milligram.  This  seems  indicative  that  under  condi¬ 
tions  of  the  experiment  (Table  I),  complete  saturation  was  attained;  usinj?  100 
ml.  of  the  NaF  solution,  on  the  other  hand,  only  a  special  equilibrium  was 
established. 

It  is  obvious,  a  priori,  that  saturation  rate  must  be  dependent  upon  the 
origrinal  fluorine  content  of  the  enamel,  upon  the  concentration  of  the  fluorine 
solution  used,  and  finally  upon  the  extent  of  surface  where  it  acts.  To  clarify 
these  variables  is  the  aim  of  further  study.  Results  of  present  experiments  indi¬ 
cate  that  saturation  with  very  dilute  solutions  occurs  within  a  relatively  short 
time. 

Stress  is  to  be  laid  upon  the  observation  that  in  20  minutes  approximately 
40  per  cent  saturation  is  attained  and,  thereby,  the  fluorine  in  fhe  enamel  becomes 
more  than  doubled.  This  is  indicative  that  short  topical  treatment  with  fluorides, 
after  tooth  eruption,  may  have  a  profound  influence  upon  the  chemical  structure 
of  enamel  surface  layers. 

A  second  fact  deserves  consideration.  Enamel  with  0.380  m®.  of  fluorine 
was  saturated  by  1.369  m^.,  i.e.,  approximately  3.6  times  more  fluorine  than  it 
orijjinally  eontained.  Enamel  was  taken  from  teeth  selected  at  random,  but  they 
may  be  regarded  as  typical  for  Hun^iary.  The  high  caries  incidence  and  these 
experimental  results  indicate  an  insufficient  chemical  structure  of  enamel,  a 
fluoride  deficiency  in  Hungary.  This  is  in  agreement  with  former  studies  of  the 
senior  author"*  upon  fluorides  in  water  supply. 

SUMMARY 

The  fluoride  saturation  rate  of  coarsely  granulated  human  enamel  was  ascer¬ 
tained  using  an  aqueous  1  mg.  per  cent  of  NaF  .solution.  Alaximum  saturation 
was  attained  in  60  minutes,  but  in  20  minutes  approximately  40  per  cent  satura¬ 
tion  was  attained  when  5  (Im.  of  enamel  was  exposed  to  200  ml.  NaF  solution. 
Enamel  is  capable  of  saturation  with  3.6  times  more  fluorine  than  it  originally 
contained. 
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STUDIES  ON  THE  NUMBERS  OF  BACTERIA  IN  THE  MOUTH 
AND  THEIR  REDUCTION  BY  THE  USE  OF 
ORAL  ANTISEPTICS 

L.  W.  SLANETZ  AND  ETHAN  ALLAN  BROWN 

Department  of  Bacteriology,  University  of  New  Hampshire,  Durham,  N.  H.,  and 
Department  of  Medicine,  Tufts  Medical  School,  Boston,  Mass. 

The  problems  involved  in  the  determination  of  the  numbers  and  types  of 
bacteria  in  the  mouth  are  extremely  difficult  and  complex.  No  standard 
technics  are  available  as  yet  for  the  quantitative  estimation  of  the  oral  bac¬ 
terial  flora.  Even  the  quantitative  method  for  estimating  lactobacilli  in  saliva 
as  developed  by  Hadley^  and  other...  is  subject  to  considerable  error.^’  ®  It  is 
important  that  more  accurate  methods  ^or  the  determination  of  the  numbers 
of  bacteria  in  the  mouth  be  develoi)ed,  pi.*  ticularly  if  oral  disinfectants  are  to 
be  evaluated  on  the  basis  of  in  vivo  tests. 

In  the  ])resent  ])aper,  attention  is  ^iven  to  methods  and  media  for  the 
estimation  of  the  number  of  bacteria  in  the  mouth.  Data  are  also  presented  on 
the  number  of  certain  types  of  bacteria  in  the  mouth  and  on  the  bactericidal 
action  of  fjlycerite  of  hydrojjen  peroxide,  Cepacol,  and  i)enicillin  troches  on  the 
oral  bacteria. 

METHODS  AND  NUMBERS  OF  BACTERIA  IN  THE  MOUTH 

Culture  Media 

The  culture  media  used  for  cultivating  oral  bacteria  will  depend  to  a 
larfje  extent  on  the  types  of  bacteria  to  be  cultivated.  In  the  present  study,  we 
were  interested  in  obtaining  counts  on  the  general  oral  flora,  oral  strepto¬ 
cocci,  and  lactobacilli. 

In  ])revious  studies  reiiorted  by  the  authors,^  try])tone  glucose  extract 
agar  was  used  for  estimating  numbers  of  the  general  or  common  mouth  bac¬ 
teria.  Since  this  medium  offers  no  information  as  to  the  number  of  viridans 
or  weakly  hemolytic  streptococci  in  the  mouth,  studies  were  made  on  the  com¬ 
parative  value  of  a  blood  agar  medium  and  the  tryiitone  glucose  extract  agar 
medium  for  estimating  number  of  oral  bacteria.  The  latter  medium  contained 
0.5  per  cent  Difco  tryptone,  0.5  per  cent  Difco  beef  extract,  0.1  per  cent  glu¬ 
cose,  and  1.5  per  cent  agar.  The  blood  agar  had  the  following  composition: 
2  per  cent  Difco  tryjitose,  0.1  per  cent  glucose,  0.5  per  cent  Naf’l,  2  per  cent 
agar,  and  5  per  cent  citrated  sheej)  blood.  The  reaction  of  both  media  was 
adjusted  to  ])H  7.0. 

Presented  at  the  48th  General  Meeting,  The  Society  of  American  Bacteriologists,  in 
Minneapolis,  May  11  to  14.  1948. 

This  study  was  aided  by  a  grant  from  the  Asthma  Research  Foundation,  Boston,  Mass. 
Received  for  publication  August  13,  1948. 
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Sam])les  for  test  were  collected  by  a  brushing;  and  rinsing;  technic^  from 
the  mouths  of  three  subjects  at  11:00  a.m,  each  day  over  a  six-day  period. 
After  shaking  for  ten  minutes  in  a  Kahn  shaking  machine,  all  samples  were 
plated  in  the  tryptone  glucose  extract  agar  and  in  tryptose  glucose  blood  agar 
using  dilutions  of  1 :10,000,  1 :100,000,  and  1 :1, 000, 000.  Colonies  were  counted 
after  incubation  of  the  cultures  at  37°  C.  for  two  days.  The  oral  streptococci 
on  the  blood  agar  appeared  as  small  colonies  surrounded  by  a  slight  hemolysis 
or  greening  of  the  blood. 

Examples  of  the  results  obtained  are  recorded  in  Table  I.  The  total 
counts  on  the  blood  agar  were  as  high  or  higher  than  those  on  the  tryptone 
glucose  extract  agar.  Since  the  blood  agar  has  the  added  advantage  of  af¬ 
fording  counts  on  the  numbers  of  streptococci  in  the  mouth,  this  medium  was 
used  for  total  counts  and  strejjtococcus  counts  throughout  the  remainder  of 
this  study.  The  total  counts  listed  for  the  blood  agar  include  colonies  of  the 
viridans  streidococci.  It  is  interesting  to  note  the  large  number  of  these  or¬ 
ganisms  present  in  samjjles  from  the  mouth;  they  always  made  up  a  large 
portion  of  the  total  number  of  bacteria  develoi)ing  on  the  blood  agar. 

For  the  determination  of  the  numbers  of  lactobacilli,  suitable  dilutions  of 
the  saliva  samples  were  ])lated  in  tomato  juice  agar  containing  40  per  cent 
filtered  tomato  juice,  1  per  cent  Difco  peptone,  1  per  cent  Difco  peptonized 
milk,  and  2  jjer  cent  agar,  adjusted  to  jjH  5.0  with  lactic  acid.  The  cultures 
were  incubated  in  an  atmos])here  of  carbon  dioxide  (10  i)er  cent)  for  two  days 
at  37°  Centigrade.  Comparative  studies  indicated  that  more  accurate  counts 
were  obtained  when  ])our  jjlates  were  i)re])ared  than  when  the  diluted  samples 
were  smeared  over  the  surface  of  the  agar. 

As  a  diluent  of  the  saliva  samples,  a  sterile  ])hosi)hate  bufl'er  solution  was 
used  similar  to  that  recommended  in  the  methods  for  the  deteimination  of  the 
number  of  bacteria  on  eating  utensils.  The  stock  solution  contained  34  Gm.  of 
potassium  dihydrogen  i)hosphate  in  825  ml.  of  distilled  water  and  175  ml.  of 
normal  XaOH  solution,  adjusting  the  mixture  to  a  i)H  of  7.2.  The  final  diluent 
is  prepared  by  adding  1  ml.  of  this  solution  to  800  ml.  of  distilled  water  and 
sterilizing  in  the  desired  quantities. 

Table  I 

Comparison  of  Tryptone  Glvcose  Extract  Agar  and  Bixx)1)  Agar  for  the 
Estimation  of  the  Ncmber  of  Oral  Bacteria 


Sl'BJECT 

TRYPTONE  AGAR 
TOTAL  COl'NT* 

BIXWD 

AGAR 

TOTAL  COCNT 

VIRIDANS  STREPTOCOCCI 

B 

290,000,000 

287,300,000 

185,800,000 

I) 

173,800,000 

191,200,000 

115,500,000 

S 

160,700,000 

167,100,000 

128,000,000 

•All  counts  represent  an  average  of  six  tests  in  samples  collected  each  day  for  a  six-day 
period. 


Methods  for  the  Collection  of  Samples  From  the  Mouth 

The  paraffin  chewing-saliva  collection  technic  described  by  Hadley^  has 
been  used  by  most  investigators  for  obtaining  samples  for  the  estimation  of  the 
number  of  lactobacilli  in  the  mouth.  However,  in  studies  on  the  number  of 
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bacteria  in  the  mouth,  various  workers  have  also  em])loye(l  a  brushing  and/or 
rinsing  technic/’  ’’  A  comparison  of  the  numbei’s  of  bacteria  col¬ 

lected  by  these  two  technics  seemed  advisable. 

The  brushing,  rinsing  technic  described  by  Slanetz  and  HrowiU  was  em¬ 
ployed  in  this  study.  A  sterile  brush  is  dipped  in  10  ml.  of  sterile  water  and 
the  teeth  brushed  vertically  for  two  minutes.  The  toothbrush  is  rin.sed  in 
the  remainder  of  the  sterile  water  after  one-minute  brushing  and  again  at  the 
end  of  the  period.  After  collecting  the  saliva  in  the  collection  tube,  the  mouth 
is  then  rinsed  vigorously  for  one  minute  with  10  ml.  of  sterile  water  and  this 
rinsing  added  to  the  material  collected  from  the  toothbrush.  The  total  vol¬ 
ume  is  adjusted  to  20  ml.,  using  the  phosphate  buffer  solution  as  the  diluent. 

For  the  paraffin-saliva  technic,  small  .squares  of  paraffin  approximately 
one-half  inch  in  .size  were  chewed  for  three  minutes,  and  all  the  saliva  secreted 
during  this  time  was  collected  in  sterile  tubes  30  mm.  in  diameter  and  100  mm. 
in  length.  The  total  volume  was  then  adjusted  to  20  ml.  with  the  phosphate 
buffer  solution. 

Three  subjects  were  used  for  the  tests.  Samples  were  collected  at  11:00 
A.M.  each  day  for  a  five-day  period  by  the  brushing  technic  and  the  following 
week  for  the  same  period  by  the  saliva  method.  After  shaking  for  ten  minutes 
in  a  Kahn  shaking  machine,  all  samjiles  were  i)lated  out  in  tryptose  glucose 
blood  agar  using  dilutions  of  1 :10,000,  1 :100,000,  and  1 :1,000,000.  The  colonies 
on  the  plates  were  counted  after  incubation  at  37°  C.  for  two  days. 

Some  of  the  results  obtained  are  summarized  in  Table  II.  It  is  evident 
that  many  more  organisms  were  collected  by  the  paraffin-saliva  technic  than  by 
the  brushing  technic.  Since  it  might  be  argued  that  the  difference  in  the 
numbers  could  be  due  to  greater  numbers  of  bacteria  normally  in  the  mouth 
during  the  second  week  than  during  the  first  week  of  the  test,  another  experi¬ 
ment  was  carried  out.  For  this  test,  samples  were  collected  on  each  of  two 
days  from  two  subjects,  first  by  the  brushing  technic  and  one-half  hour  later 
by  the  ])araffin-saliva  technic.  The  sam])les  were  idated  out  as  i)reviously 
described  and  the  results  are  recorded  in  Table  III.  It  is  again  evident  that 
many  more  organisms  w’ere  collected  by  the  paraffin-saliva  technic,  the  counts 
being  from  39.5  per  cent  to  59.8  ])er  cent  higher  than  those  obtained  on  samples 
collected  by  the  brushing  technic.  Ilecause  of  this  fact  and  since  the  i)araffin 
saliva-technie  is  ea.sier  to  exeeute  and  control,  this  method  was  used  for  the 
collection  of  samples  for  all  tests  reported  in  the  following  sections  of  this 
paper. 

Taiji.e  II 

Comparison  of  Sampmno  Tkchnics  for  the  E.stimation  of  Ncmbers  of  Orai,  Bacteria 


BRISHINO 

TECHNIC 

PARAFFIN-SALIVA  TECHNIC 

TOTAL  COl’NT* 

VTRIBANS 

TOTAL  COCNT 

VIRIDANS 

SCBJECT 

BIXKID  AGAR 

STREPTOCOCCI 

BLOOD  AGAR 

STREPTOCOCCI 

B 

260,500,000 

170,900,000 

396,000,000 

319,000,000 

D 

191,200,000 

115,460,000 

434,000,000 

314,000,000 

S 

82,416,000 

61,383,000 

324,000,000 

260,000,000 

•All  counts  represent  an  average  of  six  tests  on  samples  collected  each  day  for  a  six-day 
period. 
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Effect  of  the  Length  of  the  Paraffin-Cheivhig  Period  on  the  Numbers  of  Bacteria 


Collected  in  the  Saliva  From  the  Mouth 

In  the  paraffin-saliva  technic  for  determining  numbers  of  bacteria  in  the 
mouth,  three  minutes  appears  to  be  accepted  as  standard  for  the  time  during 
which  the  paraffin  is  chewed  and  the  saliva  collected.  Studies  were  made  to 
determine  how  many  bacteria  are  collected  during  each  one-minute  chewing 
period  and  what  effect  chewing  the  i)araffin  for  longer  periods  would  have  on 
the  number  of  bacteria  found  in  the  saliva  samples. 

Tests  were  made  using  two  subjects.  In  the  first  series  of  tests,  the  saliva 
was  collected  at  one-minute  intervals  in  sei)arate  vials  for  a  ])eriod  of  five 
minutes.  The  saliva  obtained  for  each  period  was  measured  and  the  number 
of  bacteria  present  i)er  ml.  determined  by  ])lating  out  dilutions  of  1 :100,()00 
and  1 :1,000,000  in  the  tryptose  glucose  blood  agar.  Counts  were  made  on  the 
total  number  of  bacteria  developing  on  the  plates  after  incubation  at  37°  C.  for 
two  days. 

An  example  of  the  results  obtained  is  shown  in  Table  IV.  While  there 
was  some  variation  in  the  numbers  of  bacteria  found  in  the  samples  collected 
at  successive  one-minute  periods,  it  was  surprising  to  note  the  large  numbers 
still  present  in  the  samples  eolleeted  during  the  four-  to  the  five-minute  period. 
The  total  counts  obtained  during  the  three-  and  five-minute  collection  periods 
are  also  indicated. 

In  the  second  series  of  tests,  saliva  samples  were  eolleeted  over  a  fifteen- 
minute  chewing  period.  The  number  of  bacteria  i)er  ml.  of  saliva  collected 

Table  III 

COMPARISOK  OF  SAMPLING  TECHNICS  FOR  THE  ESTIMATION  OF  Nl'MBERS  OF  ORAL  BACTERIA 


SCBJECT 

DATE 

BRCSHING 

TECHNIC 

PARAFFIN-SALIVA  TECHNIC 

VIRIDANS 

STREPTOCOCCI 

TOTAL  COl’NT 

BIXKID  AGAR 

VIRIDANS 

STREPTOCOCCI 

A 

4/27 

315.6 

267.3 

532.6 

454 

A 

4/29 

1,872.6 

1,578.5 

4,406.6 

B 

4/27 

170 

160 

410 

B 

4/29 

501 

479 

867 

•Numbers  of  bacteria  are  listed  in  million.s.  Each  count  is  an  average  of  the  numbers 
on  three  plates  of  each  dilution. 


Table  IV 


Nl’MBERS  OF  Bacteria  in  Saliva  Samples  Collected  at  Scccessive  One-Mini’te 
Intervals  Over  a  Period  of  P’ive  Minctes 


MINUTE  OF 

CHEWING 

SUBJECT  R 

SUBJECT  B 

TOTAL  COUNT 

PER  ML. 

VOLUME  OF 

SALIVA  IN  ML. 

TOTAL  COUNT 

PER  ML. 

VOLUME  OF 

SALIVA  IN  ML. 

First 

43,500,000 

1.7 

■BomnoiH 

3.2 

Second 

33,900,000 

2.4 

25,400,000 

3.6 

Third 

8,100,000 

2.4 

Fourth 

29,000,000 

2.1 

2.6 

Fifth 

20,400,000 

2.2 

2.4 

Sl’BJECT  R 

SUBJECT  B 

Total  count  after  3  minutes: 

171,600,000 

194,600,000 

Volume  of  saliva  after  3  minutes: 

6.1  ml. 

9.2  ml. 

Total  count  after  5  minutes: 

277,400,000 

257,400,000 

Volume  of  saliva  after  5  minutes: 

10.4  ml. 

14.2  ml. 
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durinpj  each  minute  period  was  determined  for  the  first,  second,  fifth,  sixth, 
seventh,  eighth,  ninth,  tenth,  and  fifteenth  minute  periods  following  the 
method  described  above.  Saliva  obtained  during  the  periods  not  tested  was 
discarded. 

Some  of  the  results  obtained  are  listed  in  Table  V.  Large  numbers  of  bac¬ 
teria  were  found  per  ml.  of  saliva  uj)  to  the  tenth  and  even  the  fifteenth  min¬ 
ute  chewing  period.  The  washing  out  of  the  bacteria  by  saliva  ai)parently  is 
a  gradual  i)roeess  which  is  probably  infiuenced  some  by  the  continual  multipli¬ 
cation  of  the  organisms  during  the  chewing  period.  Since  the  volume  of  saliva 
collected  often  decreases  after  each  minute  chewing  period,  the  largest  total 
numbers  of  bacteria  are  collected  in  the  early  chewing  periods.  On  the  basis 
of  these  studies,  it  is  felt  that  the  collection  of  saliva  over  a  three-minute 
period  is  satisfactory  for  the  estimation  of  the  numbers  of  bacteria  in  the 
mouth.  However,  we  feel  that  the  counts  should  be  based  on  the  total  num¬ 
ber  of  bacteria  removed  and  not  on  the  number  per  ml.  of  saliva  samples. 
This  is  ])artieularly  im])ortant  when  comparative  tests  on  the  efficiency  of 
oral  antiseptics  are  made  since  subjects  vary  as  to  the  amount  of  saliva  pro¬ 
duced  and  the  same  subject  may  vary  in  the  amount  stimulated  on  different 
days.  Variation  in  the  rate  of  secretion  of  saliva  has  also  been  demonstrated 
by  Trimble,  Etherington,  and  Losch.” 

Determination  of  the  Numhers  of  Bacteria  in  the  Mouth  at  Different  Times  of 
the  Day 

In  studies  on  the  numbers  of  bacteria  in  the  mouth  made  in  this  labora¬ 
tory,  samples  were  usually  collected  at  10:00  or  11 :00  .\.m.  each  day.  Since  the 
numbers  of  bacteria  may  fluctuate  during  different  periods  of  the  day,  tests 
were  made  to  determine  the  numbers  of  bacteria  in  the  mouth  of  four  sub¬ 
jects  at  ten  different  ])eriods  during  the  day  on  eight  different  days  over  a 
one-month  i)eriod.  Samjdes  were  collected  by  the  paraffin-saliva  technic  at 
7 :00  A.M.  (on  arising),  7 :30  a.m.  (after  brushing  teeth),  8:00  a.m.  (after  break¬ 
fast),  10:00  A.M.,  12:00  A.M.  (before  lunch),  12:30  p.m.  (after  lunch),  3:00  p.m., 
6:00  P.M.  (before  dinner),  6:30  p..m.  (after  dinner),  and  11:00  p.m.  All  samples 
were  plated  out  in  tryptose  glucose  blood  agar  and  tomato  agar. 


Table  V 

Ni  mbers  oe  Bacteria  Per  ml.  oe  Saliva  Collected  Dcring  Each  One-Mincte  I.ntervaloe 
Paraeein  Chewing  Over  a  Fieteen-Mini  te  Period 


MINl’TE  OF 

CHEWING 

Sl'BJECT  D 

SUBJECT  M 

TOTAL  COUNT 

PER  ML. 

VOLUME  OE 

SALIVA  IN  ML. 

TOTAL  COUNT 

PER  MI.. 

VOLUME  OP 

SALIVA  IN  ML. 

First 

27,600,000 

2.8 

9,600,000 

3.8 

Second 

23,500,000 

2.4 

9,100,000 

4.0 

Fifth 

18,700,000 

2.0 

10,700,000 

2.8 

Sixth 

19,300,000 

2.0 

12,100,000 

2-2 

Seventh 

15,800,000 

1.7 

12,200,000 

2.4 

Eighth 

1(1,600,000 

1.6 

14,000,000 

2.0 

Ninth 

6,200,000 

1.9 

8,100,000 

2.0 

Tenth 

9,100,000 

1.7 

14,200,000 

O  *> 

Fifteenth 

5,300,000 

1.3 

6,300,000 

2.0 
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While  it  is  difficult  to  compare  and  interpret  the  results  obtained,  it  is  evi¬ 
dent  that  there  is  considerable  variation  in  the  number  of  bacteria  found  in 
the  mouth  during  different  periods  of  the  day.  In  general,  the  greatest  num¬ 
bers  were  found  in  the  samples  collected  at  7 :00  a.m.,  12 :00  a.m.,  and  at  11 :00 
p.M.  There  was  a  definite  decrease  in  numbers  immediately  after  meals.  Jay’* 


7.00  7.30  800  1000  1200  12.30  3.00  6.00  630  11.00 

A.M.  RM. 


TIME  OF  DAY 

Fig.  1. — Number  of  bacteria  in  the  mouth  at  different  periods  of  the  day  based  on  total  counts 
on  blood  agar.  Average  of  eight  tests  over  a  one-month  period. 

has  also  apparently  observed  this  reaction.  As  was  expected,  there  was  a  vari¬ 
ation  in  the  number  of  bacteria  in  the  sanijiles  from  a  given  subject  taken  at 
the  same  time  on  different  days.  An  example  of  typical  results  obtained  is 
given  for  one  subject  in  Fig.  1.  The  numbers  of  bacteria  represent  the  total 
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number  of  l)acteria  collected  in  the  saliva  samples  as  determined  by  plating 
in  blood  agar.  In  general,  when  there  was  an  increase  or  decrease  in  the  total 
count,  there  was  a  corresponding  change  in  the  number  of  viridans  strejdo- 
cocci  and  lactobacilli.  It  is  evident  that,  for  comparative  studies  on  the  num- 
her  of  bacteria  in  'he  mouth,  samples  should  be  collected  at  approximately 
the  same  time  each  day. 

BACTKRU'IDAL  ACTION  OF  ORAL  AXTISF.PTICS 

In  a  jirevious  iiaiier,"*  data  were  i)resented  on  the  bactericidal  action  of 
glycerite  of  hydrogen  peroxide  and  penicillin  troches  on  bacteria  in  the  mouth. 
Further  studies  on  the  action  of  these  agents  and  on  Opacol  are  reported  in 
the  present  paper. 

For  the  determination  of  the  numbei’s  of  bacteria  in  the  mouth  before  and 
after  the  use  of  the  test  antiseptics,  saliva  samples  were  collected  by  the  three- 
minute  paraffin-chewing  technic.  The  saliva  samples  were  ad,justed  to  a  total 
volume  of  20  ml.  with  the  phosphate  buffer  diluent,  and  suitable  dilutions  then 
plated  in  the  tryjitose  glucose  blood  agar  and  the  tomato  juice  agar  previously 
described.  Duplicate  and  triplicate  ])lates  of  a  given  dilution  were  made  for 
many  of  the  saiujiles.  All  cultures  were  incubated  at  37°  C.  for  two  days,  the 
tomato  juice  agar  plates  being  held  in  an  atmosphere  of  10  per  cent  carbon 
dioxide.  Total  counts  and  counts  for  viridans  or  weakly  hemolytic  strepto¬ 
cocci  were  made  on  the  blood  agar.  The  tomato  agar  plates  afforded  counts 
on  the  number's  of  lactobacilli.  All  figures  reported  are  based  on  the  total 
number  of  bacteria  present  in  the  saliva  sample  collected  from  each  subject. 

Examples  of  the  results  of  these  studies  using  sixteen  subjects  are  re¬ 
corded  in  Tables  VI,  VII,  and  VIII.  The  subjects  ranged  in  age  from 
17  to  45  years  and  were  mostly  college  students.  Six  of  the  subjects  rinsed 
their  mouths  for  one  minute  with  10  ml.  of  glycerite  of  hydrogen  peroxide 
solution*  (0.5  per  cent)  twice  daily  following  the  usual  morning  and  evening 
brushing  of  the  teeth.  Another  group  of  five  subjects  folowed  the  same  pro¬ 
cedure  but  used  Cepacolt  (undiluted)  as  the  rinsing  agent.  The  remaining 
five  subjects  dissolved  three  penicillin  troches|  (5000  units)  in  their  mouths 
daily,  one  after  each  meal. 

Saliva  .samples  were  collected  at  10:00  a.m.  each  day  over  five-day  periods 
before,  during,  and  after  medication.  Table  VI  indicates  the  total  counts  on 
hlood  agar  before  and  after  medication.  Table  VII  gives  counts  of  oral  strepto¬ 
cocci  and  Table  VIII,  numbers  of  lactobacilli.  In  considering  these  results, 
it  should  be  pointed  out  that  all  counts  are  based  on  samples  collected  at 
10:00  A.M.  each  day  and  not  immediately  after  the  disinfectants  were  used. 
Definite  reductions  were  obtained  in  the  numbers  of  bacteria  in  the  mouth  fol¬ 
lowing  the  use  of  the  test  anti.septics  in  most  of  the  subjects.  For  the  glycerite 
of  hydrogen  ])eroxide  the  reduction  in  the  total  count  on  blood  agar,  the 

•The  glycerite  of  hydrogen  pieroxide  (1.5  per  cent  solution)  was  supplied  through  the 
courtesy  of  the  International  Pharmaceutical  Corp.,  Bo.ston,  Mass. 

t'l'he  Cepacol  was  supplied  through  the  courtesy  of  Wm.  S.  Merrell  Co.,  Cincinnati,  Ohio. 
tThe  penicillin  was  supplied  through  the  courtesy  of  Lederle  Laboratories,  Pearl  River, 
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viridans  streptococci  and  the  lactobacilli  averaged  from  24  to  87  per  cent,  18 
to  96  j)er  cent,  and  15  to  86  per  cent  respectively.  For  the  Cepaeol,  the  reduc¬ 
tion  averaged  4  to  68  per  cent,  0  to  89  per  cent,  and  0  to  74  per  cent  re¬ 
spectively.  Very  marked  diminution  in  the  oral  flora  was  obtained  with  tlje 
penicillin  troches.  This  was  particularly  pronounced  for  the  oral  streptococci 
which  were  reduced  to  vei-y  small  numbers  in  the  five  subjects  tested.  This 

T.\bi,k  VI 

Rkih-ction  IN'  Ni'mber  or  Oral  Bacteria  Foli/)winc.  Daily  Use  oe  Test 
Medications  for  a  Five-Day  Period 


(Numbers  listed  in  millions.  Average  of  five  tests) 


MEDICATION 

SCBJECT 

TOTAL  COCNT 

BEFORE 

TOTAL  COUNT 
AFTER 

PER  CENT 
DECREASE 

Glycerite  of  hydrogen 

R 

411 

62 

85 

peroxide  (0.5  per 

4 

10.30 

784 

24 

cent  or  1:2  concen- 

L 

129 

16 

87 

tration),  two  rinses 

St 

88 

11 

87 

daily 

Sc 

86 

.31 

64 

1 

875 

410 

53 

Cepaeol  (undiluted). 

11 

1044 

4 

two  rinses  daily 

12 

640 

22 

1.3 

4.32 

68 

14 

564 

26 

Re 

411 

160 

61 

Penicillin  troches 

6 

1656 

6 

99.6 

(5,000  units),  three 

7 

796 

19 

97 

daily 

8 

.792 

21 

97 

9 

1596 

5 

99.7 

10 

763 

3 

99.9 

Table  VII 

Kedcction  in  Ncmber  of  Oral  Streptococci  Following  Daily  Use  of  Test 
Medications  for  a  Five-Day  Period 


(Numbers  listed  in  millions.  Average  of  five  tests) 


MEDICATION 

SUBJECT 

ORAL 

STREPTOCOCCI 

BEFORE 

ORAL 

STREPTOCOCCI 

AFTER 

PER  CENT 

DECREASE 

Glycerite  of  hydrogen 

R 

297 

11.3 

96 

peroxide  ( 0.5  per 

4 

848 

69.2 

18 

cent  or  1:2  concen- 

L 

95 

11.8 

87 

tration),  two  rinses 

St 

66 

6.6 

90 

daily 

Sc 

65 

10.2 

84 

1 

600 

370 

38 

Cepaeol  (undiluted) 

11 

875 

900 

0 

two  rinses  daily 

12 

716 

476 

34 

13 

940 

380 

60 

14 

628 

452 

28 

Re 

297 

.31 

89 

Penicillin  troches 

6 

1340 

0.85 

99.9 

(5,000  units),  three 

7 

648 

0.17 

99.9 

daily 

8 

628 

0.31 

99.9 

9 

1.372 

0.30 

99.9 

10 

618 

0.30 

99.9 

medication  also  eliminated  large  numbers  of  lactobacilli  and  other  oral  bac¬ 
teria.  Attention  is  again  called  to  the  extremely  large  numbers  of  strepto¬ 
cocci  present  in  the  mouths  of  the  subjects  before  medication.  The  numbers 
of  bacteria  returned  to  the  levels  present  before  treatment  in  all  subjects 
one  or  two  days  after  medication  was  discontinued. 
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Since  ])enieillin  mifjht  l)e  present  in  the  saliva  sain])les  of  the  test  sub¬ 
jects  in  sufficient  concentration  to  inhibit  the  bacteria  in  the  blood  and  tomato 
juice  afjar  plates,  suitable  controls  were  prepared  to  check  this  possibility. 
For  this  purpose,  saliva  .samples  were  collected  from  subjects  who  had  larfje 
numbers  of  bacteria  in  their  mouths.  Control  plates  were  then  prepared,  mix- 
inf;  suitable  dilutions  of  these  samples  with  samples  collected  from  subjects 

Table  VIII 

Rebi'ctiox  IX  Ni  mber  of  Lactobacii.li  Folixiwino  Daily  Use  of  Test 
Mekicatioxs  for  a  Five-Day  Period 
(Nunilrers  liste<l  in  thou.sands.  Average  of  five  tests) 


LACTOBACILLI 

LACTOBACILI.l 

PER  CENT 

MEDICATIOX 

Sl’BJECT 

BEFORE 

AFTER 

DECREASE 

Glycerite  of  hydrogen 

R 

75 

24 

68 

peroxide  (0.5  per 

4 

130 

110 

15 

cent  or  1 : 2  concen- 

L 

0 

0 

- 

tration),  two  rinses 

St 

403 

54 

86 

daily 

Sc 

220 

40 

82 

1 

2980 

1460 

49 

Cepacol  (undiluted), 

11 

640 

1060 

0 

two  rinses  daily 

12 

3110 

2710 

13 

13 

2080 

1000 

60 

14 

960 

74 

Re 

75 

76 

0 

Penicillin  troches 

6 

12,530 

1900 

85 

(5,000  units),  three 

7 

740 

40 

95 

daily 

8 

160 

70 

56 

9 

80 

6 

92 

10 

100 

10 

90 

on  the  penicillin  test.  Thus,  if  saliva  samples  from  the  latter  group  contained 
sufficient  penicillin  to  inhibit  the  streptococci  or  other  bacteria,  the  organisms 
in  the  samples  of  the  control  subjects  would  not  develop  on  these  plates. 
In  no  case  could  any  such  inhibition  be  demonstrated.  When  saliva  from  a 
subject  not  receiving  medication  w'as  added  to  the  same  plate  containing  saliva 
from  a  patient  receiving  penicillin  troches,  the  usual  number  of  bacteria  grew 
on  the  agar. 

Xo  irritation  was  noted  following  the  use  of  the  test  medications,  al¬ 
though  some  of  the  subjects  using  penicillin  detected  a  coating  at  the  base  of 
the  teeth.  When  the  glycerite  of  hydrogen  peroxide  was  used  in  a  concentra¬ 
tion  of  0.75  per  cent  (1:1  dilution),  certain  subjects  noted  irritation  of  the 
mouth  and  gums  as  evidenced  by  cha])i)ing  and  lo.ss  of  taste.  No  irritation 
was  observed  when  a  1 :2  dilution  (0.5  per  cent)  was  employed.  A  1 :3  dilution 
(0.37  per  cent)  of  the  glycerite  of  hydrogen  jieroxide  still  produced  appreci¬ 
able  reduction  of  the  bacterial  flora. 

To  study  further  the  action  of  penicillin  on  oral  bacteria,  five  subjects 
dissolved  two  penicillin  troches  (5000  units)  in  their  mouths  daily  for  a  five- 
day  ])eriod,  one  in  the  morning  after  breakfast  and  one  in  the  evening  after 
dinner.  Essentially  the  .same  results  were  obtained  as  are  recorded  in  Tables 
VI,  VII,  and  VIII  for  the  subjects  taking  three  penicillin  troches  each  day. 
A  very  marked  reduction  in  the  numbers  of  streptococci  and  general  types  of 
mouth  bacteria  was  obtained.  Three  subjects  showed  a  definite  reduction  in 
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the  iiuiiil)er  of  lactobacilli  aiul  two  subjects  showed  no  reduction.  One  peni¬ 
cillin  troche  (5000  units)  taken  at  11:00  p.m.  each  day  for  a  five-day  period 
produced  no  diminution  in  the  numbers  of  oral  bacteria  in  the  one  subject 
tested. 

During?  these  studies  it  was  observed  that  there  was  often  an  increase  in 
the  number  of  yeast  and  jrram  ne^rative  bacteria  in  the  mouth  following:  the 
penicillin  treatment.  However,  no  detailed  study  of  this  reaction  was  made. 
McClure  and  Hewitt'^  reported  the  inhibition  of  rat  caries  and  a  striking:  re¬ 
duction  in  counts  of  oral  lactobacilli  by  adding:  ])enicillin  to  rats’  food  and 
drinking:  water.  Hill**  found  that  penicillin  in  tooth  powder  reduced  the 
lactobacillus  counts  and  noted  a  subsequent  increase  in  Aerohacter  aerogenes 
in  the  saliva  of  certain  subjects  tested. 

COMMENT 

The  studies  rei)orted  were  not  undertaken  to  demonstrate  definitely  the 
value  of  certain  antiseptics  for  the  control  of  dental  caries  or  other  mouth 
diseases.  It  was  more  an  attem])t  to  determine  the  effect  of  some  of  the  newer 
bactericidal  ag:ents  on  the  oral  flora.  Tests  should  be  made  on  many  more  sub¬ 
jects  before  final  conclusions  are  made.  While  the  penicillin  troches  ])roduced 
a  marked  reduction  in  the  oral  flora,  the  oral  lactobacilli  were  more  resistant 
to  its  action  than  were  the  streidococci.  This  was  in  ag:reement  with  results 
reported  by  the  authoi's’"  for  in  vitro  tests.  The  ])ossible  development  of 
])enicillin-resistant  strains  or  of  other  ty])es  of  microorg:anisms  in  the  mouth 
following:  the  use  of  penicillin  troches  must  also  be  considered.  This  ijroblem 
is  not  encountered  when  such  preparations  as  the  g:lycerite  of  hydrog:en 
lieroxide  or  Cepacol  are  em])loyed. 

However,  the  results  indicate  that  it  may  be  possible  to  markedly  in¬ 
fluence  or  control  the  numbers  and  types  of  bacteria  in  the  mouth  by  the  use 
of  suitable  chemical  ag:ents.  If  this  w^ere  i)ossible,  then  it  would  i)oiut  a  way 
for  the  control  of  dental  caries  whether  this  disease  is  due  to  oral  lactobacilli, 
streptococci,  or  other  bacteria.  This  view  was  also  recently  expre.ssed  by 
Kesel.*®  The  ])roceeding:s  of  Michig:an  Caries  Conference*'  afford  an’ excellent 
review  of  the  ])rog:ress  being;  made  in  this  important  field. 

SUMMARY 

Tryptose  glucose  blood  agar  was  found  to  be  an  excellent  medium  for 
the  quantitative  estimation  of  the  oral  bacteria  since  it  affords  counts  on  oral 
streptococci  as  well  as  other  general  types  of  mouth  organisms.  Tomato  juice 
agar  adjusted  to  pH  5.0  was  suitable  for  the  estimation  of  oral  lactobacilli. 

A  paraffin-saliva  technic  similar  to  that  described  by  Hadley*  was  found 
to  be  superior  to  a  brushing  and  rinsing  technic  for  the  collection  of  repre¬ 
sentative  sam])les  for  determining  numbers  of  bacteria  in  the  mouth.  The 
collection  of  saliva  over  a  three-minute  chewing  period  appeared  to  be  as  sat¬ 
isfactory  for  obtaining  representative  sami)les  as  a  shorter  or  longer  ijeriod. 
However,  we  feel  that  quantitative  estimation  of  numbers  of  lactobacilli  or 
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other  bacteria  in  the  mouth  should  be  based  on  total  numbers  of  bacteria  col¬ 
lected  in  the  samples  and  not  on  the  numbers  per  ml.  of  saliva  as  has  been 
done  by  most  investigators  in  the  past. 

The  fluctuation  in  numbers  of  bacteria  in  the  mouth  at  ten  different 
periods  during  the  day  was  indicated.  The  numbers  generally  decreased  one- 
half  to  one  hour  after  each  meal.  The  largest  numbers  were  usually  found 
early  in  the  morning,  at  noon,  and  late  in  the  evening. 

Under  the  conditions  of  the  test,  glycerite  of  hydrogen  peroxide  (0.75 
per  cent,  0.5  per  cent,  and  0.37  per  cent)  and  Cepacol  generally  produced  a 
continual  reduction  in  the  oral  bacterial  flora  when  used  twice  daily  as  a 
mouth  rinse.  A  very  marked  reduction  in  the  numbers  of  oral  bacteria  was 
obtained  when  two  or  three  penicillin  troches  (5000  units)  were  dissolved  in 
the  mouth  daily,  the  streptococci  being  reduced  in  numbers  over  99  per  cent. 

The  technical  assistance  of  Mr.  Robert  P.  Dudley  and  Mr.  Ian  M.  Miller,  formerly 
graduate  students  in  the  Department  of  Bacteriology,  University  of  New  Hampshire,  with 
certain  phases  of  this  study  is  acknowledged  with  gratitude  by  the  authors. 
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HALITOSIS:  VARIATIONS  IN  MOUTH  AND  TOTAL  BREATH 
ODOR  INTENSITY  RESULTING  FROM  PROPHYLAXIS 
AND  ANTISEPSIS 

P.  P.  MORRIS  AND  R.  R.  READ 

Lambert  Pharmacal  Company 
St.  Louis,  Mo. 

The  work  reported  here  was  undertaken  to  secure  general  information  con¬ 
cerning  the  intensity  of  odors  commonly  appearing  on  the  breath,  to  deter¬ 
mine  the  relative  proportions  originating  in  the  mouth  and  that  carried  by  ex¬ 
pired  air,  to  examine  odor-intensity  variation  as  affected  by  mouth  hygiene 
and  use  of  an  antiseptic  rinse,*  and  to  make  a  brief  study  of  certain  habits  and 
mouth  conditions  that  can  lead  to  relatively  intense  breath  odors.  In  addition, 
data  will  be  presented  concerning  the  putrefaction  rate  of  saliva  in  vitro  and 
in  vivo. 

No  data  will  be  offered  concerning  physiological  conditions  that  may  be 
related  to  odor  development.  No  subjects  were  included  in  the  clinical  groups 
who  had  obvious  or  recognizable  pathological  conditions.  All  subjects  were 
considered  as  normal  in  regard  to  breath  odor. 

The  clinical  groups  used  were  drawn  from  a  pool  comprising  individuals 
of  both  sexes  and  ages,  ranging  from  18  to  60  years.  The  economic  status  in¬ 
cluded  unskilled  hourly  rate  workers,  mechanics,  machine  operators,  inspectors, 
foremen,  all  types  and  ranks  of  office  personnel,  executives,  and  laboratory 
personnel  of  various  types.  A  special  group,  to  be  mentioned  later,  comprised 
university  students  of  various  ages. 

Odor  evaluations  were  made  by  application  of  the  osmoscope,  cross-checking 
frequently  by  use  of  the  nose.  Two  operators  cooperated  constantly  on  odor 
evaluation  to  minimize  the  hazard  of  fatigue  or  the  possibility  of  unrecognized 
loss  of  odor  perception.  Certain  applications  of  the  osmoscope  to  the  evaluation 
of  the  mouth  and  breath  odors  have  been  reported  by  F'osdick.^ 

The  instrument  used  here  was  that  devised  by  Fair  and  Wells®  for  the 
evaluation  of  odor  in  potable  water  with  a  single  modification,  an  oval  rubber 
mouthpiece,  adapting  it  to  oral  application.  A  glass  tube  through  this  provided 
for  air  passage. 

Instrument  readings  given  in  the  accompanying  data  have  the  significance 
shown  in  Table  I.  It  has  been  proposed  that  these  values  be  expressed  in  terms 

Read  at  the  Gteneral  Meeting  of  The  International  Association  for  Dental  Research, 
June  21  and  22,  1947  (J.  D.  Res.  26;  456,  1947). 

Received  for  publication  January  24,  1948,  revised  by  authors  February  16,  1949. 

•Later  repeated  reference  will  be  made  to  an  antiseptic.  In  every  instance  this  will 
be  a  saturated  27  per  cent  aqueous  alcohol  solution  of  thymol,  menthol,  eucalyptol,  and 
methyl  salicylate  with  benzoic  acid  and  boric  acid.  The  pH  of  this  solution  is  4.2.  It  kills 
a  standard  culture  of  Staphylococcus  aureus  in  less  than  60  seconds  by  the  method  set  out 
in  Food  and  Drug  Administration  Circular  198,  U.  S.  Department  of  Agriculture. 
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of  potential  of  odor  (pO)  following  the  convention  in  stating  hydrogen-ion  con¬ 
centration. 

The  osmoscope  may  be  used  by  successively  increasing  the  dilution  until 
the  odor  just  vanishes,  or  by  decreasing  the  dilution  until  the  odor  is  first 
detectable.  In  previous  applications  of  the  osmoscope  to  the  evaluation  of 
mouth  and  breath  odors, ^  an  indirect  method  was  adopted  by  which  clean  air 


Table  I 


OSMOSCOPE  READING  (pO) 

PARTS  OP  AIR  DILUTING 

THE  ORIGINAL  SAMPLE 

DILUTION  RATIO 

1 

1 

1:  2 

2 

3 

1:  4 

3 

7 

1:  8 

4 

15 

1:16 

5 

31 

1:32 

6 

63 

1:64 

was  blown  through  the  mouth,  or  lung  air  was  expelled  through  the  mouth, 
the  air  then  passing  through  a  liquid  nitrogen-cooled  trap,  where  volatile 
odors,  water,  and  carbon  dioxide  were  condensed  to  a  solid  mass.  On  warming 
to  37°  C.,  the  odor  of  the  residual  fiuid  was  determined. 

In  the  work  under  discussion,  a  direct  method  was  found  preferable  to 
that  devised  by  Fosdick^  in  that  the  operator  sampled  the  mouth  and  expired 
air  directly  into  the  osmoscope.  The  dilution  was  decreased  until  the  odor 
first  became  detectable.  It  was  found  that  these  values  (direct  procedure)  were 
one  point  higher  than  those  obtained  by  the  indirect  (liquid  nitrogen)  pro¬ 
cedure. 

Experience  gained  with  a  large  group  of  subjects  has  shown  that  pO 
values  of  3  or  above,  as  determined  by  the  direct  method,  are  of  such  intensity 
as  to  be  describable  as  “halitosis.”  Values  below  3,  even  though  unpleasant, 
are  not  of  sufficient  intensity  to  be  so  described. 

It  is  obvious  that  all  qualities  of  odor  from  extremely  obnoxious  to  that  of 
finest  perfumes  may  yield  equally  high  pO  values.  The  numerical  value  assigned 
merely  represents  the  operator’s  quantitative  response  to  the  intensity  of  the 
odor,  and  the  operator  must  make  an  independent  observation  as  to  equality 
of  the  odor.  Mouth  and  breath  odors  of  higher  intensities  are  never  pleasant. 

Rigorous  attention  to  cleaning  of  the  instrument  was  most  essential  as 
certain  odors  linger  very  persistently. 

Subjects : 

A  pool  was  developed  by  evaluating  a  large  group  of  available  subjects. 
The  very  few  having  serious  dental  or  undetermined  systemic  involvement  were 
rejected  and  referred  to  medical  attention.  Sixty-five  per  cent  of  the  subjects 
available  had  frequent  odor  levels  of  three  or  above  (pO  above  3).  Only  such 
subjects  were  used,  except  as  reported  in  Sections  V  and  VIII.  Those  showing 
pO  values  of  less  than  three  were  rejected  for  later  re-evaluation,  as  it  was  soon 
obvious  that  day-to-day  variations  existed. 
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The  subjects  comprising  any  group  in  immediate  use  were  selected  from  the 
pool  on  the  basis  of  convenience  only.  When  necessary  to  divide  a  group  into 
control  and  test  sections,  this  was  done  at  random.  Usually  it  was  desirable 
to  use  the  same  subjects  for  test  and  control. 

I.  Saliva  Putrefaction: 

Samples  of  saliva  (stimulated  by  chewing  paraffin)  w'ere  collected  from 
twenty  subjects,  none  of  whom  had  used  a  dentifrice  or  mouth  rinse  for  several 
hours  previously.  The  samples  were  held  at  37°  C.  during  collection.  Portions 
of  saliva  so  collected  were  diluted  with  0,  2,  4,  and  6  per  cent,  respectively,  of 
sterile  water  or  antiseptic  and  incubated  at  37°  centigrade.  The  odor  values 
in  terms  of  pO  were  averaged  as  shown  in  Table  II. 


Table  II 


INCUBATION 

CONTROL 

ANTISEPTIC 

SALIVA  DILUTED  WITH  WATER 

SALIVA  DILUTED 

W'lTH  ANTISEPTIC 

0%  1 

2% 

4% 

6% 

0% 

2%  1 

4%  1 

6</r 

0  hr. 

pO:  1.0 

1.0 

1.0 

1.0 

0.3 

Odor  of  antiseptic 

1  hr. 

2.2 

2.2 

2.2 

2.2 

1.5 

0  1 

0  1 

0 

2  hrs. 

2.8 

2.8 

2.8 

2.5 

3.2 

1.6 

0.2 

0 

3  hrs. 

4.5 

4.5 

4.5 

4.2 

3.9 

1  2.1  1 

0.5  1 

0 

II.  Saliva  Putrefaction  in  Vivo : 

Saliva  was  collected  from  subjects  who  had  been  treated  (1)  with  20  c.c. 
of  antiseptic  as  a  30-secohd  mouth  rinse  or  (2)  on  another  day  with  a  20-c.c. 
sterile  Avater  rinse.  Samples  of  3  c.c.  were  taken  just  prior  to  the  rinse,  and 
at  one-half,  one-,  and  two-hour  intervals  after  the  rinse.  The  averaged  data 
are  given  in  Table  III. 


Table  III 


SAMPLE  TAKEN 

WATER  RINSE 

ANTISEPTIC  RINSE 

INCUBATION  PERIOD 

INCUBATION  PERIOD 

0 

1 

2 

3  1 

0 

1 

2 

3 

Before  rinse 

pO: 

2.2 

2.9 

3.8 

4.4 

2.2 

3.1 

4.1 

4.9 

%  hr.  after 

2.0 

2.4 

3.0 

3.7 

1.3 

1.5 

2.0 

2.7 

1  hr.  after 

1.9 

2.4 

2.9 

3.2 

1.5 

1.5 

1.8 

2.3 

2  hrs.  after 

1.9 

2.4 

2.8 

3.8 

1.6 

1.5 

2.1 

2.7 

III.  Dilution  of  a  Mouth  Rinse  by  Saliva : 

Antiseptic  is  diluted  to  a  small  degree  by  saliva.  Obviously,  the  flavor, 
pH,  alcohol  content,  and  perhaps  other  characteristics  of  the  rinse,  can  each 
influence  this  dilution.  Twenty  c.c.  of  antiseptic  was  used  over  a  30-second 
period  with  fifteen  subjects.  Alcohol  content  was  determined  and  dilution 
calculated  according  to  the  formula : 


%  dilution  = 


%  alcohol  original  rinse  -  %  alcohol  expelled  rinse 
%  alcohol  original  rinse. 


Dilution  was  also  estimated  by  determination  of  the  volume  of  the  recovered 
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IV,  Effect  of  Dental  Prophylaxis  on  Odors : 

It  has  been  suggested  that  decomposition  of  proteins  in  the  mouth  (food, 
mucin,  etc.)  could  be  a  common  cause  of  breath  odors  of  high  intensity.  If 
true,  removal  of  contaminants  by  dental  prophylaxis  could  lower  odor  intensi¬ 
ties.  It  has  also  been  suggested  that  the  tonsilar  area  could  be  a  frequent  major 
source  of  breath  odors;  if  true,  neither  dental  prophylaxis  (IV),  tongue  pro¬ 
phylaxis  (V),  nor  use  of  antiseptics  as  a  mouth  rinse  (VII),  should  reduce 
breath  odors  substantially. 

A  pO  value  of  3  or  above,  in  the  mouth  or  on  the  total  breath,  was  deter¬ 
mined  empirically  to  be  so  intense  as  to  be  distinctly  unpleasant  and  describable 
as  “halitosis.” 

Mouth  odor  values  w^ere  determined  by  slowly  drawing  air  through  the 
mouth  while  the  subject  held  the  osmoscope  by  the  oval  rubber  mouthpiece 
lightly  but  firmly  with  the  teeth  and  lips.  During  this  period  the  subject  was 
careful  neither  to  inhale  nor  exhale.  Total  breath  odors  were  determined  in  the 
same  general  manner  except  the  subject  exhaled  slowly  through  the  glass  tube. 
As  so  determined,  mouth  odors  comprise  only  those  in  the  mouth,  while  total 
breath  odors  include  those  originating  in  the  mouth  combined  with  those 
carried  by  expired  air.  ^ 

Subjects  were  selected  whose  pO  values  were  all  above  the  offensive  level 
of  3.  Each  was  given  a  thorough  dental  prophylaxis  exactly  as  usually  ac¬ 
complished  in  the  chair  except  in  excluding  the  use  of  any  fiavored  or  antiseptic 
mouth  preparations.  pO  values  were  taken  immediately  after  prophylaxis  and 
at  one-  and  two-hour  intervals  thereafter. 

Two  subjects  out  of  17  showed  no  reduction  in  mouth  level,  while  6  out  of 
19  showed  no  reduction  in  total  breath  odor.  The  odor  data  were  averaged 
for  the  subjects  showing  reduction,  the  corresponding  data  for  the  entire  group 
following  in  parentheses  in  Table  IV. 

Table  IV 


V.  Effect  of  Tongue  Prophylaxis  on  Odors : 

The  17  subjects  used  in  this  series  were  selected  from  other  groups  where 
they  had  given  indication  of  high  odor  levels  due  to  tongue  conditions.  They 
did  not  represent  a  condition  universal  to  the  general  pool  from  which  subjects 
were  drawn.  All  possessed  odor  levels  above  3,  distinctly  in  the  unpleasant 
range. 

Only  physical  means  were  used  for  prophylaxis,  the  tongue  being  scraped 
and  swabbed  without  the  aid  of  any  type  of  fiavored  or  antiseptic  preparation. 
A  sterile  water  rinse  was  then  fiushed  over  the  tongue  to  remove  loosened  debris. 


TOTAL  BREATH  ODOR 


3.6  (3.7) 
1.3  (1.7) 
1.8  (2.3) 
2.2  (2.7) 


Before  prophylaxis 
Immediately  after 

1  hr.  after 

2  hrs.  after 


MOUTH  ODOR 


pO:  3.3  (3.4) 
0.5  (0.8) 
0.8  (1.1) 
1.3  (1.6) 
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Odor  determinations  were  made  before  and  immediately  after  prophylaxis  and 
one  hour  later.  Eleven  of  the  group  of  17  showed  reduction  in  odor  levels,  and 
the  averaged  data  concerning  these  are  shown  in  Table  V. 


Table  V 


MOUTH  ODOR  | 

TOTAL  BREATH  ODOR 

Before  prophylaxis 

pO:  3.0 

3.4 

Immediately  after 

0.5 

1.7 

1  hr.  later 

0.3 

1.8 

VI.  Effect  of  Dentifrice : 

It  has  been  shown  that  the  removal  of  debris  from  the  mouth  (IV)  and 
tongue  (V)  materially  reduces  mouth  and  breath  odors  over  a  prolonged  period. 
It  was  of  interest  to  correlate  the  effect  of  general  prophylaxis  with  dentifrice 
used  according  to  a  standardized  procedure.  Subjects  w'ere  selected  at  random 
and  divided  into  two  groups:  those  with  mouth  odors  above  3  and  those  below  3. 

Two  commercial  pastes  were  used:  an  alkaline  soap-chalk  type  and  a 
synthetic  detergent  sulfate-phosphate  type.  Each  subject  brushed  his  teeth 
for  thirty  seconds,  using  sufficient  paste  to  cover  the  length  of  the  brush.  Water 
was  applied  before,  during,  and  after  brushing,  according  to  usual  habit. 


Table  VI 

Detergent  Sulfate-Phosphate  Paste 


pO  UNDER  3  1 

1  pO  OVER  3 

TOTAL 

MOUTH 

TOTAL 

MOUTH 

Before 

1.7 

1.5 

3.0 

3.2 

After 

3.6* 

3.5* 

4.0* 

3.4* 

%  hr. 

1.1 

1.0 

1.0 

1.0 

1  hr. 

1.6 

1.7 

1.5 

1.8 

2  hrs. 

1.9 

2.0 

3.0 

3.0 

Table  VII 
Soap-Chalk  Paste 


1  pO  UNDER  3  1 

pO  OVER  3 

1  TOTAL  1 

MOUTH  1 

TOTAL 

MOUTH 

Before 

3.0 

3.0 

After 

4.0* 

3.9* 

%  hr. 

1.0 

1.0 

1  hr. 

1.0 

1.0 

1.5 

1.1 

2  hrs. 

1.6 

2.0 

3.5 

2.4 

•Flavor  odor. 


VII.  Effect  of  Antiseptic  and  Water  Rinse  on  Odor : 

Five  separate  groups  were  selected  at  random  from  the  pool  of  subjects 
having  odor  levels  above  3.  Each  was  evaluated  immediately  before  the  test 
started  (BR),  immediately  after  the  rinse  (AR),  and  at  one,  two,  and  three- 
hour  interals.  It  had  been  found  previously  that  the  odor  of  this  antiseptic 
rinse  could  not  be  noticed  above  normal  mouth  odors  after  only  20  minutes, 
slightly  less  time  than  dentifrice  odor  (VI).  The  several  groups  varied  in  size 
and  averaged  about  15. 
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The  rinse,  20  c.c.  of  water  or  antiseptic,  was  kept  in  vigorous  movement 
about  the  mouth  for  30  seconds.  These  averaged  data  are  shown  in  Tables  VIII, 
IX,  X,  XI,  and  Fig.  1. 


Table  VIII 

Antiseptic  Rinse:  Mouth  Odor 


GROUPS 

1 

2  1 

3 

4 

5 

BR 

3.2 

3.0 

3.0 

3.0 

AR 

2.5* 

1.0* 

1.3* 

2.5* 

1  hr. 

1.0 

0.9 

0.6 

1.0 

2  hrs. 

1.1 

1.0 

0.7 

0.9 

3  hrs. 

1.1 

^^^bbi 

— 

— 

•Antiseptic  odor. 


Table  IX 

Water  Rinse:  Mouth  Odor 


GROUPS 

1 

2 

3 

5 

BR 

3.4 

3.0 

3.0 

4  1 

— 

AR 

2.8 

2.0 

2.6 

— 

1  hr. 

3.0 

3.0 

2.9 

— 

2  hrs. 

3.2 

3.0 

3.0 

— 

— 

Table  X 

Antiseptic:  Total  Breath  Odor 


GROUPS 

1 

2 

3  1 

4 

5 

BR 

3.5 

3.5 

3.3 

3.3 

AR 

4.0* 

3.6* 

4.0* 

4.0* 

1  hr. 

1.4 

1.6 

1.9 

1.5 

2  hrs. 

1.8 

1.8 

2.1 

1.6 

3  hrs. 

2.1 

— 

•Antiseptic  odor. 


Table  XI 

Water  Rinse:  Total  Breath  Odor 


GROUPS 

1 

2 

3 

4 

5 

BR 

3.7 

3.3 

3.1 

*  3.5 

— 

AR 

4.0 

3.0 

2.8 

3.5 

— 

1  hr. 

4.0 

3.0 

2.9 

4.0 

— 

2  hrs. 

3.7 

3.0 

3.0 

4.0 

— 

While  the  antiseptic  rinse  and  mouth  odor  groups  showed  no  significant 
number  of  subjects  who  did  not  secure  and  maintain  reductions  substantially 
under  the  halitosis  level  of  3,  the  total  breath  data  indicated  that  as  large  a  pro¬ 
portion  as  22  per  cent  may  not  maintain  a  low  level. 

VIII.  Effect  of  Antiseptic  on  Morning  Mouth : 

The  fact  that  saliva  putrefies  rapidly  during  incubation  suggested  that 
stagnation  of  saliva  in  the  mouth  during  sleeping  hours  can  lead  to  measurable 
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odor  development.  To  study  this  point,  a  body  of  male  students  was  screened 
to  secure  a  group  having  a  particularly  low  daytime  pO  level.  Fourteen  sub¬ 
jects  having  an  average  value  of  0.9  were  selected. 


Fig.  1. — Broken  line  O  —  Water  rinse,  mouth  odor. 

Broken  line  A  —  Water  rinse  total  breath. 

Solid  line  O  —  Antiseptic  rinse,  mouth  odor. 

Solid  line  A  —  Antiseptic  rinse,  total  breath. 

The  subjects  were  aw’akened  individually  in  the  morning  about  an  hour 
before  their  normal  waking  hour  and  evaluated  at  once.  The  10  having  a  pO 
level  of  3  or  more  w^ere  given  20  c.c.  of  antiseptic  as  a  30-second  rinse  and  tested 
again  after  one-half  hour.  During  the  intervening  period  the  subjects  did  not 
eat,  drink,  smoke,  brush  the  teeth,  or  put  anything  in  the  mouth. 

On  another  morning  a  similar  test  was  made  using  20  c.c.  of  water  as  a 
30-second  rinse.  The  averaged  data  are  showm  in  Table  XII. 


Table  XII 
Mouth  Odor 


ANTISEPTIC  RINSE 

WATER  RINSE 

Normal  daytime 

0.9 

0.8 

Morning  mouth 

3.1 

3.0 

hr.  after 

1.1 

2.3 
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IX.  Effect  of  Antiseptic  on  Odors  due  to  Smoking: 

A  group  of  cigarette,  pipe,  and  cigar  smokers  were  induced  to  stop  smoking 
until  all  tobacco  odor  had  disappeared.  Curiously,  smokers  have  a  very  low 
mouth  odor  other  than  that  due  to  tobacco.  The  subjects  then  smoked  a  normal 
amount — two  cigarettes,  one  pipeful,  or  one  cigar,  and  the  total  breath  pO 
level  was  determined  immediately,  after  the  usual  20  e.c.  of  antiseptic  rinse, 
and  later  at  one-  and  two-hour  intervals.  The  averaged  data  were  shown  in  Table 
XIII. 


Table  XIII 


TOTAL  BREATH  ODOR 

antiseptic  rinse  I 

WATER  RINSEt 

CIGA¬ 

RETTE 

PIPE 

CIGAR 

CIGA¬ 

RETTE 

PIPE 

CIGAR 

Before  rinse 

4.0 

5.0 

4.0 

4.0 

5.0 

After  rinse 

4.0* 

4.0* 

3.8 

5.0 

1  hr. 

1.8 

2.0 

2.0 

3.1 

4.0 

2  hrs. 

1.8 

2.0 

2.9 

3.0 

4.0 

3  hrs. 

— 

1  - 

— 

2.3 

3.0 

— 

•Antiseptic  odor. 

tAll  values  in  these  three  control  groups  are  smoke  in  type. 


X.  Resistant  Types  of  Odors : 

In  certain  of  the  preceding  tests  a  few  subjects,  apparently  not  abnormal 
in  any  way,  resisted  any  single  treatment — physical  or  chemical — given  to 
diminish  odor.  About  half  of  these  subjects  responded  to  continued  daily  use 
of  the  antiseptic.  The  other  half  failed  to  respond,  however,  to  even  prolonged 
treatment  and  could  reasonably  be  classified  as  having  halitosis  of  systemic 
origin,  although  no  attempt  was  made  to  determine  specific  cause.  The  number 
amounted  to  7  per  cent  of  the  total  number  of  subjects  having  an  initial  odor 
value  above  3.0. 

To  further  examine  such  subjects,  a  group  (X)  was  selected,  who,  from 
choice  or  physical  inability,  neglected  all  measures  of  oral  hygiene.  Every 
subject  had  a  breath  odor  above  the  offensive  level  of  pO  3.  Twenty  c.c.  of 
antiseptic  was  given  twice  daily  as  a  30-second  mouth  rinse,  treatment  being 
continued  for  two  weeks  unless  marked  reduction  in  pO  values  was  secured 
sooner.  Twenty  out  of  twenty-five  such  subjects  secured  gradually  increasing 
odor  reductions  until  a  pO  level  of  2.0  or  less  was  reached  and  maintained. 

In  contrast  with  the  groups  reported  in  sections  I  to  IX,  subjects  in  group 
X  above  were  abnormal  in  habits  of  oral  hygiene. 

Food  habits  may  be  questioned  as  constituting  an  abnormality.  It  has 
long  been  recognized  that  certain  foods  can  produce  remarkedly  persistent 
breath  odors.  The  most  offensive  are  those  containing  alliaceous  oils.  Stallard® 
has  stated  that  garlic  taken  by  rectum  or  swallowed  in  capsules  can  be  detected 
as  breath  odors  for  as  long  as  60  hours.  It  has  been  proposed  that  breath  odors 
resulting  from  chewing  and  swallowing  garlic  (1.5  gm.)  arise  exclusively  from 
residues  left  in  the  mouth  and  that  swallowing  the  same  amounts  in  capsules 
results  in  the  appearance  of  no  oil  (diallyl  disulfide)  or  odor  on  the  breath.* 
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More  recently,  others  in  agreement  with  Stallard,  by  feeding  garlic  through 
a  gastric  fistula,  have  confirmed  the  more  usually  accepted  concept  that  garlic 
odors  are  systemic.®  Others  have  reported  that  garlic  odors  have  appeared  on 
the  breath  of  infants  newly  born  by  garlic-eating  mothers. 

In  our  study  three  subjects  were  fed  1.5  gm.  garlic  in  capsules  (washed 
with  alcohol,  then  ether  until  odorless)  and  breath  odors  followed  for  72  hours. 
The  initial  odor  appeared  in  30  minutes  and  persisted  for  48  hours  in  two  in¬ 
stances  and  72  hours  in  the  third.  The  tests  were  repeated,  using  antiseptic 
and  various  other  materials  as  mouth  rinses,  without  observable  effect  on  in¬ 
tensity  or  duration  of  odor.  Since  the  garlic  never  had  contact  with  the  mouth,, 
the  odor  was  systemic  rather  than  oral  in  origin. 

DISCUSSION 

Examination  of  a  miscellaneous  group  showed  that  sixty-five  per  cent 
frequently  had  mouth  and  breath  odors  above  the  halitosis  level  of  3,  This 
level  is  not  constant  from  day  to  day.  The  odor  intensity  of  expired  air  (which 
carries  lung  plus  mouth  odor)  is  somewhat  higher  than  that  of  the  mouth  alone. 
This  should  be  expected  since  the  mouth  odor  is  only  one  component  of  the 
total  breath  odor. 


SUMMARY 

I.  Saliva  putrifies  rapidly  on  incubation,  giving  rise  to  very  objectionable 
odors.  Dilution  with  water  does  not  hinder  this  decomposition.  Dilution  with 
only  6  per  cent  of  the  antiseptic  prevents  putrefaction  completely.  Lesser 
amounts  restriet  decomposition. 

II.  The  application  of  water  as  a  mouth  rinse  does  not  affect  rate  of  putre¬ 
faction  of  saliva  collected  during  subsequent  two  hours.  The  use  of  an  anti¬ 
septic  rinse  results  in  a  significant  reduction  in  putrefiability ;  incubation  of 
even  the  two-hour  sample  does  not  give  pO  of  3. 

III.  The  antiseptic  mouth  rinse  is  diluted  less  than  20  per  cent  on  the 
average  during  use  in  the  conventional  manner. 

IV.  Complete  dental  prophylaxis  reduces  mouth  and  breath  odors  to  an 
unobjectionable  level  for  more  than  two  hours.  It  is  apparent  that  many 
breath  odors  are  oral  rather  than  systemic  in  origin. 

V.  Tongue  prophylaxis,  by  mechanical  means  only,  reduces  mouth  and 
breath  odors  to  a  low  level  in  many  instances.  However,  6  out  of  17  subjects 
did  not  respond. 

VI.  Dentifrice  used  in  the  normal  manner  reduces  mouth  and  breath  odors 
materially,  the  odor  level  returning  to  the  objectionable  level  in  two  hours. 
This  is  not  a  masking  effect,  as  the  odor  of  the  dentifrice  flavor  disappeared 
in  less  than  one-half  hour. 

VII.  Water  rinse  is  without  effect  on  mouth  and  breath  odors.  The  anti¬ 
septic  rinse  reduces  these  mouth  and  breath  odors  to  a  low  level  from  which 
no  significant  recovery  takes  place  within  three  hours.  This  is  not  a  masking 
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effect,  as  the  odor  of  the  rinse  disappears  in  twenty  minutes.  The  effect  of  the 
antiseptic  is  prolonged  significantly  beyond  that  of  prophylaxis  or  dentifrice. 

VIII.  Stagnation  of  saliva  in  the  mouth  overnight  can  result  in  an  odor, 
intensity  of  objectionable  level,  even  though  the  subject  has  a  normally  low 
daytime  level.  Water  rinse  does  not  reduce  this  odor  materially.  The  anti¬ 
septic  rinse  removes  the  odor. 

IX.  Tobacco  odors  are  materially  reduced  by  the  antiseptic  rinse  but  not 
by  a  water  rinse.  Smokers  appear  to  have  a  low  mouth  or  breath  odor  other 
than  that  of  tobacco.  Cigars  produce  highest  odor  levels.  Cigarette  odors  are 
most  readily  reduced  to  a  low  level. 

X.  There  are  certain  resistant  types  of  odors,  such  as  that  due  to  garlic, 
that  are  systemic  in  origin  and  are  not  affected  by  water  or  the  antiseptic  rinse. 
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Inflammation.  Valy  Menkin,  M.D.,  Temple  University.  Inflammation  is 
a  manifestation  of  cellular  injurj’^  producing  leucotaxine  (a  leucocytosis-prompt- 
ing  factor),  necrosin,  pyrexin  (a  leucopenic  factor),  leucoperin,  and  glucose  in 
{  the  course  of  the  reaction.  The  presence  of  these  substances  explain  many  of 

(  the  phenomena  associated  with  the  reaction. 

Leucotaxine,  which  has  been  isolated  in  crystalline  form,  is  responsible  for 
f  capillary  permeability.  Its  effects  are  local  only. 

The  leucoeytosis-promoting  factor  is  a  polypeptide  attached  to  a  globulin. 
Its  presence  results  in  hyperplasia  of  bone  marrow  and  the  release  into  the  blood 
stream  of  many  juvenile  leucocytes. 

Necrosin,  a  euglobulin,  causes  lymphatic  blockade  and  injury  to  the  vessel 
walls.  Its  effects  are  not  limited  to  the  site  of  experimental  injection. 

Pyrexin,  a  glucopeptide,  is  responsible  for  a  rise  in  temperature.  It  is 
linked  with  leucoperin  which  traps  leucocytes  in  the  lungs,  liver,  and  spleen. 

Inflammation  is  accompanied  by  fibrosis,  disturbance  of  fluid  exchange, 
localization  of  the  irritant,  and  migration  of  leucocytes. 
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